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Specifications Link User and Maker 
Also in this issue Comparators in Automatic Evaluation Systems 


Punched Tape Controls London Trains 





In the missile: small transis- 
torized general purpose digital 
ancien kone At every stage, the success of a missile program depends upon a 
magnetic-drum memory. computer. Librascope computers, components, instruments and 
systems give right answers from original concept to final evaluation. 
THE FIRST STAGE: Workable designs. SECOND STAGE: Trajectory and 
engineering computations required long before the launching. 
THIRD STAGE: Control, guidance; impact prediction. FOURTH STAGE: 
pot: ne aaa Data reduction and analysis. @ Recognizing still a fifth stage, 
computer with Librascope determines reliability in the lab. Environmental tests 
peepee awe mrrindl check equipment for temperature, shock, vibration, pressure and 
aaa tanend other “real” conditions likely to affect performance. Only positive 
by Royal McBee. answers will release Librascope equipment for field use. 


right 
answers 
when 


vou need 
them! 


For information on career opportunities at Librascope, 
write Glen Seltzer, Employment Manager. 


Librascope’s technical ability to meet exacting requirements 

has ably served our many military customers in the develop- GENERAL 

ment of missile programs. @ For further information on IBRASCOPE PRECISION 
Librascope’s computer capabilities for missiles write: COMPANY 


LIBRASCOPE, INC.* 808 WESTERN AVENUE * GLENDALE, CALIF. «A Subsidiary of General Precision Equipment Corporation 
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L&N computers close the control loops 
on 6 major power systems 


FLEXIBLE NEW COMPUTERS KEEP 
SYSTEM OPERATION AT OPTIMUM LEVEL 
OVER WIDE RANGE OF CONDITIONS 


“It’s gratifying to know we made 
the right decision.” So said H. W. 
Page, Manager of Power Supply, 
Florida Power & Light Co., as he 
reviewed initial months of operation 
with his new control. He went on 
to say, “We know now that as a 
result of our decision to install this 
computer, we have advanced the 
overall level of operating efficiency 
on our system even more than we 
expected. The equipment does its job 


in a thoroughly dependable manner.” 


Suggestion: you can help your sys- 
tem make the move to advanced auto- 
matic economy dispatching more ob- 
jectively—and with confidence—by 
checking results first ... the actual 
operating results being obtained 
right now from California to Caro- 
lina, from Connecticut to Florida 
(names on request). Then contact 
our local office, or 4918 Stenton Ave., 
Phila. 44, Pa. 


In operation since March, this L&N 
computer gives Florida Power & Light 
Co. the desired generation loading pat- 
tern on its nine major plants for strict 
incremental loading, or modified econ- 
omy loading. The computer can also be 
used to study anticipated operating 
problems and their effects on the cost 
of operating the system while the load 
control is still in operation. 


GET RESULTS ON YOUR SYSTEM 
WITH AN L&N COMPUTER THAT: 


1, Automatically loads generating 
units on an incremental cost-of- 
power-delivered basis—includes in- 
cremental generating costs and 
transmission loss factors (transmis- 
sion loss matrix optional). 


2. Provides real operating flexibil- 
ity: loads on any desired incremen- 
tal, or modified economy basis, to 
meet prevailing system conditions. 


3. Plots “on-the-spot” graphic an- 
swers to problems involving econ- 
omy interchange, power-flow losses 
or anticipated loading patterns. 


4. Derives a measured lambda value 
—incremental cost of power deliv- 
ered—at all times. 


5. Invariably adjusts generation in 
a direction that reduces area re- 
quirement. 


6. Gives each unit a terminal desti- 
nation. 


7. Makes it easy to place units on 
control—just flip a switch—no syn- 
chronization required. 


8. Provides safety margins: adjust- 
able load limit settings are positive, 
and cannot be exceeded; maximum 
rates of control action are positive, 
adjustable, and cannot be over- 
ridden. 


9. Costs less in the long run: re- 
quires no unit or governor modifi- 
cations, goes into service after ap- 
proximately two to four weeks in- 
stallation procedure, gives positive 
assurance against overregulation. 


10. Is easy to operate—gives any 
desired readout data and, in the 
opinion of maintenance men, needs 
relatively little care. 





Already, L&N computers direct the control of ap- 
proximately 11,000,000 Kw over a large part of the 
country on systems representing a wide range of oper- 
ating problems. Shaded area shows territory served 
by an additional 5,000,000 Kw to be put under LEN 
computer-control during the remainder of this year. 
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LEEDS N NORTHRUP 


“Over 400 automatic | } generation control installations” 
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Instrumentation 
Amplifiers give you 
all these features... 


@ WIDE BANDWIDTH... dc to 150 ke 
at gain of 100 


@ TRUE DIFFERENTIAL INPUT .. . true 
balance, low capacity 


@ HIGN COMMON MODE REJECTION .. . 
200,000 to 1 de... 50,000 to 1 ac 


@ HIGH GAIN . . . selectable gains of 
100, 200, 500, 1000, 2000 
@ HIGH STABILITY . . . drift less than 


2 uv per day; less than 5 uv long term 
cumulative drift 
3 With the ever-increasing need for greater accuracy in dynamic 
* no. NOISE... less than 3 uv rms to i trumentation the demand for an expanding bandwidth in 
id signal amplification becomes more and more urgent. Epsco 
@ HIGH POWER OUTPUT... +20 volts, Instrumentation Amplifiers not only meet the bandwidth 
up to 40 ma challenge, but they also provide true differential input. 
@ 100,000 OHM INPUT IMPEDANCE Available rack-mounted or in portable units. Write for Bulletin 105801 
for complete technical information and options available. 
@ FAST RISE TIME... 2.3 usec. for full 
scale step input at gain of 100 


| @ WIDE DYNAMIC RANGE... . unsaturat- 
ing at twice nominal output 
| @WNO ADJUSTMENTS OR CALIBRATIONS S$" 
| @ NO BATTERIES AF poe bes 
ata contro 


Epsco, Inc., Instruments & Equipment Division, 275 Massachusetts Ave., Cambridge, Massachusetts 
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Published for engineers and technical management men who are responsible for 
the design, application, and test of instrumentation and automatic control systems 





Instrument Specifications—Link Between User and Maker 
H. R. KARP of Control Engineering tells how instrument specifications are developed 
and why spec content will vary depending on the type of instrument purchased. 


How Design Simplifies Trouble-Shooting and Repair 
B. K. LEDGERWOOD of Control Engineering relates how thought given to mainte- 
nance during design eases problem of finding and repairing faults in complex systems. 


Gyro Ball Bearings—Their Effect on System Performance 
R.H. CHERWIN of New Hampshire Ball Bearings, Inc. points out problem areas in 
applying bearings to inertial components and shows solutions that improve performance. 


Punched Tape Controls London Trains 
R. DELL of London Transport reveals that punched-tape programmers control move- 
ment of 1,300 trains a day through the junctions of the complicated Northern route. 


Data File 29—Some Dc Current Relationships in Transistors 
A. N. DeSAUTELS of Maico Electronics, Inc., presents transistor de current relation- 
ships in ready-reference form, useful in developing transistorized control amplifiers. 


Comparators for Use in Automatic Evaluation Systems 
L.S. KLIVANS of Radioplane covers various optical, thermal, mechanical, and electronic 
methods of automatically comparing static and dynamic performance characteristics. 


Applying the Digital Computer to Open-Hearth Operations 
ENGINEERING STAFF of GPE Controls, Inc, discusses how it plans to apply a com- 
puter and electronic automatic control instruments to improving open-hearth operations. 


Fundamentals of Multivibrators—II 
E. KEONJIAN and W. PERZLEY of American Bosch Arma complete their two-part 
study with a look at circuits using transistors, square-loop magnetic cores, and cryotrons. 





Digital Codes Route Interoffice Mail 
C. M. ZOUBEK of Standard Conveyor Co. guides tote boxes by means of magnetic tabs. 


A Transistorized Sampler for Analog Computers 
W.W. TURNER of Maine Univ. samples input or error signal in sampled-data systems. 


Vapor-Load Steam Ejectors to Control Vacuum 
P. W. KILPATRICK of Dept. of Agriculture gets stable control of absolute pressure. 


Commutator Switch Simulates Transport Lag 
A. D. WRIGHT of Elliott Nucleonics simulates delay time in reactor coolant pipes. 


Continued on next page « 





WHAT’S NEW IN THE CONTROL FIELD 
Clearing the Troubled Air 


Basic study underway at Fort Huachuca to analyze interference of electronic equipment. 
At Boeing Nearly Everybody Studies Numerical Control 

Over 1,500 people, from engineering to finance, are taking courses in numerical control. 
Automatic Testers Speed Jet Autopilot Maintenance 

First automatic inspection gear acquired by airlines cuts testing from 5 hrs to 20 min. 
A Russian Spectacular 

Giant exhibition shows computers to Sputniks as Russians make a major propaganda bid. 
Unique Printer Spews Out Data 

Television tube with wire matrix in face prints out at rate.of 10,000 lines per minute. 
New Life at Panellit 


A new subsidiary and a British-designed computer enliven Midwest control manufacturer. 





Control Personality—Nathan Cohn 

Control engineer contributes to growth of utility control from tie-lines to dispatch. 
Industry’s Pulse—Instrumentation Exports Still Up 

U.S. exports as a whole are skidding, will instruments and control exports remain high? 
Editorial—IFAC is a Two-Way Street 

Guest H. Chestnut points out that America will gain knowhow from IFAC as well as give. 
New Product Developments 

Line of power stepping motors and controls aimed at digital automatic control systems. 
Abstracts of Technical Papers 


Versatile capacity measuring system is useful for level control and for stream analysis. 


6 Shop Talk 150 Bulletins & Catalogs 166 Meetings Ahead 
10 Feedback 162 New Books 168 Reprints 
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Specified by Panellit— = 3 | 


Si 


. aw 


ear Fat 


Supplied by CMC: => 


AT) 


An Adaptable Printer with 


Day Iin-Day Out Reliability 


Understandably, Panellit’s requirements for a digi- 
tal printer were strict. The Skokie, Illinois firm’s 
recording annunciator, which monitors trouble in 
equipment operations, has to have around-the- 
clock reliability. It has to indicate what went 
wrong, exactly when it went wrong, and for how 
long. In many instances, the printer must operate 
at remote stations, unattended. Panellit chose 
CMC’s new digital printer to provide this high 
degree of dependability. 


READILY ADAPTED 


The tape above shows the adaptability of CMC’s 
printer to special applications. The Panellit system 
scans a number of points and then records, in a 
single twelve digit printout, the off-normal point, 
the off-normal code, the hour, minute and hun- 
dredth of a minute. The date is printed every 
twelve hours and on demand. 

The system detects the first off-normal to a one 
cycle accuracy and records sequentially at the rate 


of four alarms per second. Alarms occurring faster 
are stored in the memory unit and printed accord- 
ing to a built-in sequence. The entire record is neat, 
compact and permanent. 


PRINTER FEATURES 


No stepping switches ® 4 lines per second printout 
* parallel entry * 8 options...10 line output to 
drive punches and electric typewriters, analog out- 
put to drive strip chart recorder, inline readout, 
accumulator, code converter, transistorized drive, 
add-subtract solenoid, print-line identification * 
rugged unitized construction ® compatible with 
any line of counting equipment. 


KEY SPECIFICATIONS * Model 400C Digital! Printer 
Print-out capacity 6 digits standard, up to 12 on special 
order. Accuracy determined by basic counting instrument... 
display time 0.2 seconds minimum, maximum controlled by 
counter or system. Weight 64 Ibs. 


CMC engineering representatives are located in 
principal cities. For complete information on this 
all-new instrument, phone your nearby represen- 
tative or write directly to Dept. 088. 


Computer-Measurements 


Company A Division of Pacific Industries, Inc. 
12970 Bradley Avenue 
Sylmar, California 


Ble 
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Sprague offers 
standard and special 


PULSE 
TRANSFORMERS 


for military and 
commercial applications 


Standard or special... military 
or commercial ...in any size or 
shape... Sprague Pulse Trans- 
formers are designed to give top 
performance ...in high-speed 
computer circuits, pulse inver- 
sion Circuits, impedance match- 
ing circuits, blocking oscillator 
circuits, and many others. 


Special designs for high accel- 
eration, high ambient tempera- 
tures or minified circuits can be 
furnished to suit requirements. 
Units are also available in lower- 
cost commercial housings. 


For engineering assistance on 
your pulsetransformer problems, 
write to Special Products Divi- 
sion, Sprague Electric Company, 
Union St., North Adams, Mass. 


S| RAGUE' 


THE MARK OF RELIABILITY 
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Testing—one, two, three 


Test is the step that tells you whether you've succeeded, or 
whether you're even heading in the right dirction. In research, 
tests will tell you if a new family of missile fins has the proper 
stability characteristics; in design, tests will tell you if a new 
gage control system meets specifications; and in improvement 
studies, tests will tell you how to modify a control system to 
increase process throughput. As technology becomes more 
complex and test requirements more exacting, control engi- 
neers are called in to measure the test variables, transmit the 
data, and record and process the test results, regardless of 
whether the test is to measure the bending moment in a ship 
model or to study the flight characteristics of a new adaptive 
autopilot. 

All of this is to explain why we chose test as the theme of 
our September 1959 Fifth-Anniversary issue. Followi ing on 
the heels of “How to Practice Control Systems E. ngineering % 
(Sept. ’56), “Computing Control” (Sept. "57), and “Program 
Control” (Sept. °58), next month’s issue will cover how to 
plan efficient tests; what to test and when (the actual process 
or equipment, scale models, analogs, breadboards); how to 
measure, transmit, record, and process test data; and many 
case studies emphasizing pertinent points of the test routine. 

As an added attraction, Editor Bill Vannah will take over 
September's Industry's Pulse for a review of the highlights 
of the last five years of control engineering. Don’t miss the 
next issue. 


A reminder; we’d like to hear from you 


Be sure to let us know what you think of CtE placing 
jadvertisements between all feature articles so that each 
article can be torn out and filed separately. The July issue was 
laid out that way and so’s this one. We're sitting back now 
waiting for the screams or cheers. 


The little man who wasn’t there 


When Managing Editor By Ledgerwood asked Joe Albert 
and his boys from Georgia Div., Lockheed Aircraft for assist- 
ance in preparing the maintenance article (page 73) they 
were quick to respond, but the response was in rather unusual 
form. Instead of a letter, By got back a magnetic tape. Being 
busy, they'd all sat down around a table and run off a half 
hour tape on maintaining numerical control systems. The 
interesting thing was that they created the impression that 
By was right there at the conference; for instance, each man 
introduced himself, addressed his comments to By, and said 
goodbye at the end. A refreshing way to gether material for 
an article. 





10,000 megohms? 200 volt swings? 


with transistors? 


VES cect 


Yes, it can be done! Adage Engineers have laid two widespread myths 
to rest! Transistors can provide high output voltage swings. Transistors 
can provide very high input impedances. 


Newest of the Adage all-transistor circuit modules, the CV-HZA High 
Impedance Amplifier, handles high voltages and at the same time 
provides an extremely high input impedance. Used as an isolation amp- 
lifier it permits precise voltage measurements without disturbing the 
signal source. Errors due to circuit loading are eliminated. Full scale 
signal swing is greater than +100 volts. Input impedance is many 
thousands of megohms. All this, and rise times on the order of a few 
microseconds, too. 


The CV-HZA functions as a direct - coupled voltage follower. Voltage 
gain is precisely unity. A unique semi-conductor chopper stabilizing 
technique results in excellent long term d.c. voltage stability. Long 
term reliability has been proven by extensive field testing. 

This revolutionary device can be ordered as an integral pre-amplifier 
in Adage Voldicon voltage-to-digital conversion equipment, or it may be 
ordered separately. It will solve many circuit loading problems for 
users of Analog Computers, Automatic Test Systems, Potentiometer 
Measurement Equipment, etc. 

Two models are presently available: + 100 volts (model CV-HZA); +10 
volts (CV-HZA10) 








* 292 MAIN ST., CAMBRIDGE, MASS., Dept. CE-8 


VOLDICON 


write 

today for 
complete 
technical 
specifications 


CIRCLE 7 ON READER-SERVICE CARD 








a 


Central control room which provides indicated and printed evaluation of casting machine operations 
by means of Talyor TRANS-SCAN-LOG system. Typewriters under plastic covers behind operator. 


PET 


Taylor FULSCOPE* Controllers maintain correct temperature in One man oversees the viscose filtration and deaeration process 
the wet churns. They receive signals from TRANSAIRE* Trans- from this master Graphic Panel. Taylor miniature indicating 
mitters equipped with flat bulbs installed flush with the inside and recording instruments enable the operator to quickly pin- 
of the churn walls. point any abnormal conditions, 


lor Lnstruments 
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Men, machines and Taylor 


Instruments join forces to produce 


superior 


American Viscose Corporation selected 
Taylor to furnish the bulk of the instru- 
mentation for the new cellophane plant 
at Marcus Hook for two main reasons— 
Taylor's close association with the cel- 
lulose industry, and confidence on the 
part of American Viscose in Taylor In- 
strument Companies and its products 
developed over many years. 


Designed for a capacity of 50,000,000 
Ibs. of cellophane per year, this plant 
is among the most modern of its type 
in the world. Wherever practicable, 
continuous processing has taken the 
place of batch operations, necessitating 
extensive use of automatic control of 
important process variables at almost 
every stage. 


Photograph at left shows the control 
center for the important casting area— 
the largest and most precise control 
system of its type in any industrial 
plant, outside of the atomic energy 
field. Here the Taylor TRANS-SCAN- 
LOG* system enables one operator to 


cellophane 


monitor and supervise the overall op- 
eration of this stage of the process. 
Signal lights show at a glance abnor- 
mal conditions anywhere in the process. 
At hourly intervals—or on demand—a 
typewritten record of all. variables is 
automatically prepared (typewriters 
shown behind operator). In addition, 
the operator may select a specific 
variable, or group of variables, for 
reading at any time. This system per- 
mits operation within closer tolerances 
than could possibly be obtained with 
conventional instrumentation. 


The result, American Viscose tells us, 
is better, more continuous production 
and higher quality product. 


A Taylor control system may be the 
answer to your product quality prob- 
lems—and cut your operating costs 
too. Why not call in your Taylor Field 
Engineer, or write Taylor Instrument 
Companies, Rochester, N. Y., or 
Toronto, Ontario. 


*Reg. U.S. Pat. Off. 


Master control panel for one of the coating towers. Instruments 
regulate supply of lacquer to the coater, flow and pressure of 
air for drying, and temperature and humidity conditions within 
the tower. 


Acid flow measurement is accomplished with Taylor 205T 
Volumetric DP Transmitters, connected to the process by 
filled capillary systems and diaphragm seals of Hastelloy. 
Signal is transmitted to the data logging system. 


VISION INGENUITY DEPENDABILITY 


MEAN ACCURACY FIRST 
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This isthe New 


/ TALLY 











Tape Preparation 
& Editing Console 


I: makes error-free 
paper tape 
By automatically verifying and/or 
duplicating paper tapes. The con- 
sole consists of a numerical key- 
board, two punch tape readers and 
one tape perforator. The buffer 


storage system uses unique Tally 
Logic Switches. 


I; features... 


Tape to tape duplication and verifi- 
cation at 60 characters per second 
@ Keyboard visual display and 
shift register to eliminate copying 
errors and operator fatigue in both 
punching and verifying modes 
e@ Tape corrections without over 
punching or splicing. 


Tvs ready for 


delivery now 


For complete technical informa- 
tion, prices, delivery, and the name 
of your nearest Tally engineering 
representative who will be happy 
to arrange for a demonstration, 
please address Dept. 088. 


-5|/TALLY 


REGISTER CORPORATION 
5300 14th Avenue N.W., Seattle 7, Wash. 


See this Console and other tape handling 
equipment at WESCON, Booth 119. 
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READERS’ CONTROL WORKSHOP 


Question on Slitting and Sheeting 
To THe Eprror— 

Many of your articles have been 
read with interest by members of 
our firm. As recent subscribers to 
your publication, we are writing this 
letter in the hope that you can assist 
us in finding a solution to a contro] 
problem we have. 

We manufacture plastic products 
for the stationery trade. Our operation 
is essentially one of converting raw 
material to finished goods. The raw 
material consists of cellulose acetate, 
vinyl, leatherette, and paper. It comes 
in rolls from 40 in. to 54 in. wide 
and from .002 in. to .040 in. thick. 

At the present time we have this 
material processed elsewhere on a sub- 
contract basis. Processing consists of 
slitting the rolls to smaller widths, 
and/or sheeting the rolls to rectangular 
sheets. We contemplate setting up a 
production line whereby it shall be 
possible to unwind a roll of material 
having a maximum width of 60 in. 
and to cut it into rectangular sheets 
having an infinitive variety of lengths 


| from 4 in. to 60 in. This line shall 
| incorporate a roll unwind mechanism, 


feed rollers, a production cutter, and a 
conveyor table. 

We desire some sort of control 
mechanism whereby we can precisely 
control the length of a cut. This 
control mechanism should enable us 
to control the length of the first cut 
of a roll as well as the lengths of suc- 


ceeding cuts. The tolerance involved 
would be plus or minus vz in. The 
control mechanism should be auto- 
matic and be able to detect and make 
any necessary corrections so as to 
aby for the correct length. We 
ave not determined whether this de- 
vice should be controlled by mechani- 
cal, electrical, fluid, or optical means. 
Sanford Beim 

Kingsbacher-Murphy Co. 

Los Angeles, Calif. 


A Thoughtful Answer 


To THE Eprror— 

In recent years, greater progress has 
been made in thickness and width 
control of sheet products than in 
sheet-length control. The metals in- 
dustries, for instance, have been look- 
ing for very accurate measurement (in 
control, measurement is the first step) 
of length of steel strip. We know of 
no reasonably-priced systems for meas- 
uring the length of continuous strips 
to the accuracy required in the ques- 
tion statement. One could be de- 
signed, but we doubt that it would 
be economically rewarding unless the 
annual throughput were of the order 
of $5 million. Therefore, in our opin- 
ion, the starting point for such an 
application should be an economic 
study of present processing costs. 

H. R. Chope 
Industrial Nucleonics Corp. 
Columbus, Ohio 





Information, please—quality control 


To tHE Eprror— 

We have been assigned a project to 
plan a “system for the quality and 
production control” of electronic 
tubes and transistors. 

As in Italy there is no particular 
literature on the subject of quality 
control, we beg you kindly to indicate 
to us the titles of some publications 
which will introduce us deeply to the 
matter and at the same time can 
explain to us from which basic ele- 
ments we can start in order to con- 
front such a plan. 

We should be very pleased to have 


a friendly contact with some of your 
engineers for some eventual explana- 
tions, should we find difficulties during 
our study. 
Enrico Valenti and Enrico Gnarro 
University of Genoa 
Genoa, Italy 
We enclose tearsheets from the 
April, ’59 issue of Control Engineer- 
ing describing a transistor tester de- 
veloped by Texas Instruments, Inc. 
For much broader information, we 
strongly suggest that you obtain a 
copy of the transactions of the meet- 
ing of the American Society for Qua)- 
ity Control, held in Cleveland on May 
25, 26, and 27 of this year. These can 












































WHAT YOU SHOULD KNOW ABOUT ULTRASONIC EQUIPMENT 


The “miracle” of ultrasonic energy is based on 
definite scientific and engineering principles that gov- 
ern its application to your needs. The efficiency of 
your ultrasonic equipment depends on its Quality. 
Whether you use ultrasonic equipment for more thor- 
ough cleaning of electronic components and intricate 
instruments—or whether you control the level of fuel 
by the highly accurate ultrasonic method—the vital 
factor is Quality. The result you get from the equip- 
ment you use is no better than its Quality. 


Acoustica is the world’s foremost producer of 
quality ultrasonic equipment. Acoustica research and 


Acoustica facilities are unequalled. Make the most of 
the great advantages that the ultrasonic method offers 
by always specifying Acoustica! Write for information 
concerning your ultrasonic needs in cleaners and 
liquid level switches. Acoustica Associates, Inc., Fair- 
child Court, Plainview, N.Y. * 10402 Aviation Blvd., 
Los Angeles, Calif. 


See us at our Wescon booth 


acous ica 


THE GREATEST NAME IN ULTRASONICS 
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be obtained by writing to Wade R. 
Weaver, Registrar, Republic Steel 
Corp., Cleveland 1, Ohio. The papers 
cover a broad range of quality control 
subjects and will probably give you 
some food for thought in addition to 
the names of people to contact in this 


CONTROL THROUGH ELECTRO-IONIC SURFACE IMPEDANCE CHANGES 


An important new and basic contribution to the art 
of switching and modulating high wattage AC circuits 


According to all modern theory of 
the metabolism and function of the 
neuron, or individual nerve cell, this 
highly efficient and ultra reliable 
control component is surrounded by 
a semi-permeable membrane which is 
charged positively on the outside 
and negatively on the inside. 


When a stimulus reaches the surface 
of this membrane, its permeability 
to certain ions increases with a 
corresponding decrease in resistance 
—and its surface becomes activated 
by a spreading ‘wave of potential. 


This change in permeability 
during the passage of an impulse is 
accompanied by impedance changes 
on the membrane—thus effectively 
controlling the “output” of the 
large energy potential. 


Control Engineering —in its July issue, 
carried the first editorial disclosure* of a significant 
new advancement in static control in which the basic 
phenomena of surface impedance changes are applied 
to achieve ultra reliability in switching and modulating 
high wattage AC circuits by very small signal means. 
A further report on the commercial development of 
such devices will appear in the September issue. 


*See pages 121-124. Reprints available upon request from: 


CORPORATION 


14830 Schaefer Highway 
Detroit 27, Michigan 








country. Ed. 


Missing, one sliding contact 


To THE EpiToR— 

The edited version of our “Tl ran- 
sistor-Thyratron” article, pp. 118-122, 
in the April issue was nicely done. 
However, there is an error in the 
Scott-connected three-phase auto- 
transformer schematic. Looking back 
at my records, I find the same error in 
our first draft. I thought it was cor- 
rected in our last draft. Below is the 
correct circuit. 

Note that as the sliding contact of 
the variable transformer moves from 
the center tap outward in one direc- 
tion, the motor increases torque in 
that direction. If turned from the 
center tap in the opposite direction 
the motor reverses. 

E. W. Taylor 
Diehl Mfg. Co. 
Somerville, N. J]. 


: 
Motor @ | | 


20 Variable transformer 
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Wants references on ‘copter control 


To THE Eprror— 

“Bringing the Helicopter Under 
Control”, an article published in the 
January 59 issue of Conrrot ENcr- 
NEERING, pp. 71-76, lists references. 
How may | obtain them? 

Martin C. Stettler 
1549 35th St., N.W. 
Washington 7, D. C. 


The references Mr. Stettler requests 
are listed below. After each one is the 
name and address of its source. Ed. 

1. HELICOPTER THEORY, T. 
H. von Karman, “Zeitschrift fur Flug- 
technik and Motorluftschiffahrt’, 
Vol. 12, 1921. Translated in “Air- 
craft Engineering”, Sept. 1940. 

“Aircraft Engineering”, Bunhill 
Publications, Ltd., 12 Bloomsbury 
Square, London WC 1, England. 

2. HELICOPTER ANALYSIS, A. 
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Honeywell Electro Hydraulic 
Tracer Systems 


Now operating on a wide variety of well-known machine tools 
(some of them illustrated at the right), Honeywell 180° and 
360° Tracer Control systems provide fast, accurate and reliable 
system response for smooth application of large increments of 
hydraulic power. 

They combine the flexibility, remote control and finesse of 
electronics with the power and fast actuation of hydraulics. 
They're far more flexible than completely hydraulic systems. 
These systems have been designed for ease of application. 
Modular construction simplifies and speeds field service. 


Accuracy— Accuracies of + .0005” from template to part 
and + .0002 from part to part have been achieved in 
actual use. 


Adaptability—these systems are now in operation on 
all types of machine tools, from light duty engine lathes 
to huge spin forging machines. Every application is cus- 
tom fitted—at production line prices. 


Performance—rach Honeywell system becomes an in- 
tegral part of the machine tool. The control system can be 
adjusted to compensate for changes in machine perform- 
ance during the life of the machine. Speed range of 300 
to 1 is normal; greater rangeability is available on some 
applications. Tracing speed ranges up to 60” per minute 
are available. 


For further information on Honeywell's new machine control 
systems and components and their application to your specific 


job, contact Minneapolis-Honeywell, Machine Control Group, 
Dept. CE-8-93, Minneapolis 8, Minnesota. 


Honeywell 
Fiat tu Conceal 
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Gorton Vertical Milling Machine equipped 
with Honeywell 360° Electro Hydraulic 
Tracer Control System. 


Giddings & Lewis vertical turret lathe with 
Honeywell 360° Electro Hydraulic Tracer 
Control System. 


Frauenthal Division of Kaydon Engineering 
Corporation turning and grinding machine 
with Honeywell 180° Electro Hydraulic 
Tracer Control System. 


Rockford Machine Tool Company hydraulic 
mill with Honeywell 180° Electro Hydraulic 
Tracer Control System. Swarfing operation. 


Hufford Corporation spin forge machine 
with two Honeywell 360° Tracer Control 
Systems plus spindle speed control. 
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Basically, ial -Miceloll-Mel=hZelila-tMualele(— 
by Bryant in the field of magnetic 

i felgels( Mela il Mele Mell MieM il Mi taalilias]| 
capability and long experience of 
Bryant's research, engineering and 
production men. Full details are in 
our new descriptive brochure 

Write for your copy. Bryant Computer 
Products Division, a division of 
Taco mGiltia diate Mm Cialile(-lam @elinl lel he 
P.O. Box 620, Springfield, Vermont. 
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FEEDBACK 


A. Nikolsky, Wiley, 1951. 

John Wiley & Sons, Inc., 440 
Fourth Ave., New York, N. Y. 

3. AERODYNAMIC STABILITY 
AND AUTOMATIC CONTROL, 
William Bolley, “Journal of the Aero- 
nautical Sciences”, Vol. 18, Sept. 
1951. 

“Journal of Aeronautical Sciences’, 
c/o Institute of Aeronautical Sci- 
ences, 2 East 64th Street, New York 
21, N. Y. 


New party game for engineers? 
To THE Epriror— 

I have been reading your Reprint 
Order Form for a number of months 
to see if you would catch up with the 
title, “How to Stimulate Dead Time’. 
It sounds like an excellent title for a 
party book, but I’m not too certain 
where it fits in control work. 

]. E. Beach 
Jackson, Mich. 


It’s a pretty good idea at that. Error 
caught, the reprint title now reads 
“How to Simulate Dead Time”, hardly 
so stimulating. Ed. 


Left out, wants in 


lo ABRAHAM M. Fucus— 

We noted with great interest your 
series of articles on control system 
test equipment in Contrrot ENGcI- 
NEERING. We were very disappointed, 
however, to see no mention made of 
our Model SV-1 Servo Analyzer. 

We think that our Model SV-1 
is a great deal more versatile than the 
equipments described in your series. 

A. H. Sonnenschein 
Polarad Electronics Corp. 
Long Island City, N. Y. 

Get a catalog sheet from Polarad 

and judge for yourselves, readers. Ed. 


Information, please—ore-bin control 
To THE Eprror— 

Would it be possible to send us 
further information on the system de- 
scribed on page 128 of the April issue 
of ContROL ENGINEERING. This article 
was titled “Transistors Prevent Chan- 
neling in Ore Bins”. 

Fred Fixari 
Chain Belt Co. 
Milwaukee, Wis. 

Contact C. M. Marquardt, Indus- 
trial Physics & Electronics Co., 470 
South Tenth St., Salt Lake City 2, 
Utah. Ed. 
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100 processes recorded ;| 
on One Brush | 
Operations Monitor! 


This compact Brush Operations Monitor can 
improve the control of power distribution systems, 
chemical processes and automated production 
lines. 


On a moving chart only 12’’ wide, 100 separate 
operations can be recorded at the same time... . 
what happens or doesn’t happen . . . monitoring 
present recording and indicating devices. For ex- 
ample, the opening or closing of a valve . . . the 
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— 


action of a relay . . . the control of motors. . . all 
are documented in a time relationship to other 
operations. You get an immediate picture of an 
entire situation at any time. Sixteen different time 
bases can be selected from remote or on-the-spot 
locations. 


WRITE FOR FREE BOOKLET...‘‘Brush Operations 


Monitors for Supervisory Analysis and Control.” 
Contains specifications and application data. 


—bBrush INSTRUMENTS 


DIVISION OF 


S7TH AND PERKINS CLEVELAND 14, OHIO 
CORPORATION 





CONTROLS 


PRESSURE 
TRANSDUCERS 


BONDED STRAIN GAGE RUGGEDNESS 
No damage at 1,000 g to 2,000 cps... no unsupported fine wires to resonate or 
fracture. 


2 in 1 — BOTH static AND dynamic measurements with ONE transducer... for 


use with any read-out equipment from standard strip-chart recorders to cathode ray 
oscilloscopes. 


PLUS — 4 orm 350 ohm strain gage bridge . . . high dynamic response: natural 
frequency 50 KC; damping constant .2 (cooled) ... only Y% of 1% maximum zero shift 
when flame of acetylene torch passes rapidly over diaphragm . . . all welded dia- 
phragm for corrosive applications . . . ranges: 0-25 to 0-60,000 psi. 


WRITE for data sheets covering 
Norwood Controls Transducers, 
Norwood Controls Unit, Detroit Controls 
Division, 938 Washington Street, 
Norwood, Massachusetts. 


American-Standard 


DETROIT CONTROLS DIVISION 
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A CONTROL PERSONALITY 


Nathan Cohh 





grew up with utility control 


When Nat Cohn graduated from MIT in 1927 (with 
an S.B. degree majoring in electrochemical engineering), 
the electric utility industry was just beginning to use 
automatic generation controls to supplement conven- 
tional speed governors. Practically the only automatic 
control was for the simple regulation of frequency. 
Control was restricted to a utility’s own system, often 
to a single generator. 

During his 32 years with instrument maker Leeds 
& Northrup Co., Nat has watched this interest mush- 
room until today U.S. utilities are tied together in 
complex power pools—all automatically controlled; they 
automatically load their systems with electronic dis- 
patch computers. Nat Cohn has not only watched this 
advancement in control technology, but he has contrib- 
uted heavily to it. 

Nat was first attracted to the field of instrumenta- 
tion in his last year at MIT. While preparing his 
senior thesis, “Characteristics of Colloidal Condensers”, 
he was intrigued more by the measurement aspects than 
by the electrochemical portions. He took up with MIT 
Prof. Frank “Pop” Laws (one-time U. S. dean of meas- 
urement) a job offer from Leeds & Northrup. Pop Laws 
was leery of the opportunity. “That company’s getting 
too interested in industrial applications,” he warned his 
student. But the ability to put numbers on things 
proved too much of a temptation; Nat moved to Phila- 
delphia as soon as he graduated, to take L&N’s training 
course. 

After six months, he went on the college circuit, 
selling laboratory instruments, recorders, and controllers. 
To the enthusiastic young man, it was a wonderful job. 
It gave him a chance to talk to research people about 
what was new and what was needed, and occasionally it 
brought him into a power plant—with an occasional re- 
corder or controller sale. 

He moved to San Francisco in 1930 as L&N’s district 
manager (and as the entire sales and service force there). 
Steam generation was just starting to become an im- 
portant factor in the west. Most activity was on hydro- 
electric projects. Utilities were only beginning to ex- 
plore generation controls. 

While in the west, Cohn worked on some of the most 
interesting pioneer applications. For example, with the 
chief user (City of Los Angeles) engineers, he laid out 
the instrumentation for Boulder (now Hoover) Dam— 
one of the biggest instrumentation jobs of the depres- 
sion-riddled thirties. Later he helped plan one of the 
earliest industrial telemetering installations in the west. 

After this, unique power plant jobs seemed to gravi- 
tate to Nat Cohn. For the city of Vernon (Calif.) he 
made one of the first applications of frequency, time, 
and load distribution control for a diesel station, con- 
trolling five diesel units. For the city of Seattle, he 
helped plan similar controls for the Diablo Dam project. 
And he laid out the instruments and controls for the 
first unit of the big Bonneville Dam project. 

About the time he moved to Chicago in 1936 to 
become L&N’s midwest district manager and technical 


director, something new was happening to the utility 
industry. Utilities were starting to interconnect their 
lines and were discovering a brand new control problem: 
how to regulate these new tie lines so that each utility 
would take its share of total generation. Tie lines are 
set to handle a scheduled flow of power. The control 
problem is complicated by unexpected disturbances that 
disrupt or change the scheduled flow. 

Helping solve such problems started Nat off in a new 
direction. Working closely with utility engineers, the 
highly articulate engineer did a lot of application engi- 
neering on table cloths in restaurants to explain and sell 
the string of ideas he originated. 

But his greatest contributions were to come in tie-line 
bias control. In this arrangement, all areas but one were 
on tie-line bias; the single area controlled frequency, 
taking up any “slop” in regulation. The big problem 
was how much each area should be biased—meaning to 
what extent stations should pick up generation if trouble 
appeared elsewhere on the interconnection. Many utili- 
ties urged a small bias, fearing they would otherwise 
upset their own areas or would carry more than their 
share of the load. 

In a brilliant interpretation of tie-line bias control, 
presented at a special meeting in 1956 of utility pool 
groups, Cohn analyzed the effect of different bias set- 
tings, and derived equations for the magnitude of re- 
sponse. This gave the utility men a basis for agreeing 
on preferred settings, thus resolving a controversy that 
had smouldered for many years. The presentation was 
so outstanding that he was asked to prepare an AIEE. 
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For pills per bottle... 


For telemetered 


experiments 


RieleM itr). 


COUNTERS and TIMERS 


Some users want a slow count for mechanical or process control...“*50... 
125,..250” aspirins. 
And some want a fast count. . . “*98,999...99,000...99,001”" in a second. 
And you may even want to telemeter frequency and time interval and 
sequence all in a few instants. 


ERIE-Pacific Digital Instruments can: 
count events + measure frequency, period, time intervals 
« function as preset and control devices + determine sequence 


Seven catalog models of ERIE-Pacific instruments are available: the Model 
210 Digital Timer, the Model 130 Frequency Counter, Model 100T Digital 
Tachometer-Counter Transistorized, Model 320 Preset Counter, Model 660 
Low Frequency Monitor, Model 700 Digital Scanning Counter, and the 
Model 400 100kc Universal Counter-Timer illustrated below. 

Literature on the ERIE-Pacific line of instruments is available on request 
along with the name of your local ERIE-Pacific sales engineer. Write to: 


One of the Erie /ine... 


Model 400 Universal Counter-Timer with frequency | cps. 
to 100,000 cps., time interval 0.5 MS to 278 hours, 
and only 19” x 3%” x 10”. Weight: 15 Ibs. $695.00. 


Openings now for engineers qualified in electronic digital instruments and systems. 
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NAT COHN ... 


paper incorporating it; it won an AIEE 
prize that year. 

Although bias tie-line control 
solved one part of the power pool 
problem, how to allocate generation 
demand to the cooperating utilities, 
another part of the problem remained: 
how to achieve the required area gen- 
eration most economically. By 1950, 
utilities were following an approach in 
which thev set one station up as a 
master and related other stations to it. 
Cohn felt it would be better to relate 
station programming to total genera- 
tion rather than one station which 
might be fast or slow and therefore 
would make all other stations fast or 
slow. 

To solve this, Nat proposed pro- 
gramming reference combining feed- 
back and feed forward. He was 
awarded a patent on a system which 
adds the prevailing total generation (a 
feedback) to the power required to 
meet the area demand (a feed forward) 
to compute the total desired output of 
the area. His equation: 

AR = = SR 

(where AR is the area requirement, 
the amount necessary to bring the 
area generation up to a total demand, 
and SR is the amount required from 
each generating station) makes the 
system independent of the response 
rates of each source. A paper describ- 
ing this system won an AIEE prize, 
and was responsible for Cohn’s being 
made a fellow of AIEE in 1954. 

For it, he won other honors, too. 
Nat Cohn suddenly found himself 
elected to Eta Kappa Nu, honorary 
electrical engineers fraternity, Tau 
Beta Pi, honorary engineering frater- 
nity and Sigma Xi, honorary research 
and science fraternity. 

In 1955, Nat was transferred to 
Philadelphia where he was made man- 
ager of market development. In 1958, 
he was elected vice president, techni- 
cal affairs—in charge of R&D, en- 
gineering and the Patent Div. This 
brings Nat full circle in his career at 
L&N. After 32 years, he’s back talk- 
ing to research people about what’s 
new and what’s needed in instrumen- 
tation and controls. 

His new job is to keep L&N up to 
date in precision measuring and in 
pertinent aspects of control, including 
such glamorous items as a computer 
for process control, new sophisticated 
on-stream analyzers, and advanced 
controllers and recorders. But Nat 
also feels that there’s “glamor in 
profit” and he also presses for the de- 
velopment of bread and butter prod- 
ucts to be sold in large quantities. 





Tung-Sol tubes help y. 
put fledgling pilots in the air! 


A Link electronic trainer acquaints both the 
beginner and experienced pilot with precise 
flight conditions from takeoff to touchdown. 
It familiarizes him with on-ground responsi- 
bilities . . . teaches crew coordination, radio 
procedure, navigation, instrument flying. . . 
and records student reactions. The fledgling 
gets the ‘feel’ of flying without ever leaving 
the ground, 

The complex and sensitive simulators func- 
tion over long periods and get rough treat- 
ment from beginner hands. Precision operation 
demands more-than-ordinary reliability and 
performance’ from every simulator compo- 


NEW LINK F6U-1 JET FIGHTER TRAINER 
The mobile F8U-1 is one of the latest 
flight simulators built by Link Aviation, 
Inc., subsidiary of General Precision 
Equipment Corp. The F8U-1 includes 
cockpit, instructor’s area, computer sec- 





tion and maintenance shop in an air- 
conditioned trailer. In World War II, 
famous Link “Blue Boxes” trained over 
half-million Allied airmen. Today, Link 
units like the F8U-1 ready commercial 
and military pilots to handle jet aircraft. 


trainers 


nent, including up to 3,000 electron tubes. 

Tung-Sol de summing amplifier tubes and 
buffer tubes used in the various Link simu- 
lators consistently meet these exacting re- 
quirements, The tubes feature outstanding 


electrical stability 


ruggedness under 


hardest usage . . . minimum short-life failure 
rate. And tube quality stays uniformly high 


from one tube lot to another. 


The same premium tube performance Link 
enjoys is available to you. Specify Tung-Sol 
power tubes for any military and industrial 
socket you must fill! Tung-Sol Electric Inc., 


Newark 4, New Jersey. 


) TUNG-SOL 
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Choose the night relay 


FOR YOUR APPLICATION 








Minimum Mounting Space 


CLASS C RELAY: 


Incorporates many design character- 
istics found in the Class B relay, but 
is only half its width. Use wherever 
quality is mandatory, but space is at 
a premium. Quick- and slow-acting 
types available for operation at up 
to 150 volts d.c. Supplied with two 
to twelve contact springs. 


Minimum Size 
and Weight 


CLASS S RELAY: 

This miniaturized relay saves space 
and reduces weight to a minimum in 
aircraft and similar applications. It 
provides high contact pressures and 
absolute contact reliability under ex- 
treme conditions of vibration, shock 
and humidity. The relay is charac- 
terized by its small mass and low 
self-inductance. 


CLASS Z RELAY: 

Though small and lightweight, this 
relay is designed for service where 
flexibility is the more important con- 
sideration. For all its compactness, 
it has adequate coil volume to per- 
mit slugging for long operate and 
release timing. There are four types 
for d.c. operation, one for a.c., and 
two with snap-action contacts. 





Special Feature 


SPECIAL-PURPOSE RELAYS: 


The following types of relays are 


Automatic 
Control 
and 


Telemetering 





available for special design prob- 
lems: Mechanical-Locking Relays; 
*“Micrometer-Adjusting” Relays; 
Video Relays for frequencies up to 


ROTARY 
STEPPING 
SWITCHES 


60 megacycles; Bar Relays for the 
simultaneous closing of up to 35 
circuits; Power Relays with carrying 
capacities up to 25 amps at 24 volts; 
Oil Dashpot Relays. 
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A small switch with a large, flexible 
capacity. For use in almost any d.c. 
application —for impulse-controlled 
response that’s swift and sure—for 
self-interrupted operation that’s 
smooth and trouble-free. Accommo- 
dates up to six 10-point levels. 


Larger capacity: 25 points, 12 levels; 
50 points, 8 levels. For any d.c. 
voltage up to 110, or for 115 volts 
a.c. with rectifier. Operation can be 
either impulse-controlled or self- 
interrupted. Available also as pre- 
wired hermetically sealed units. 





Longest Life, 
Premium Quality 


CLASS B RELAY: 


Designed to provide hundreds of 
millions of dependable operations 
under all mounting and service 
conditions, with unfailing contact 
reliability. Extremely sensitive, twin- 
contact type, with long or short 
armatures. Has a wide range of 
practical timing, will withstand ex- 
tremes of temperature. Finest tele- 
phone-type relay available. 


CLASS E RELAY: 


For designs where space is at a 
premium. Embodies most of the 
features of the Class B relay, with 
a life of 200 million operations or 
more. Twin contacts insure contact 
reliability. Ideal for small-size com- 
puter applications, and where weight 
and space reduction for portability 
is of prime importance. 


General Purpose 


CLASS A RELAY: 


This all-purpose relay—sturdy and 
dependable—can be mounted in any 
position, and provides long life and 
reliable operation with only occa- 
sional adjustment. The original 
“work horse” telephone-type relay— 
recommended when the extreme de- 
gree of life and reliability provided 
by the Class B relay is not mandatory. 





Alternating-Current 
Operation 


CLASS F RELAY: 

For use on a.c. only, from 16 to 66 
cycles. This class of relay does not 
offer operate or release time delays 
as the d.c. classes do. Types are 
available with spring contacts, snap- 
action contacts, and mercury con- 
tacts. All types will handle heavy a.c. 
loads with small controlling currents. 





MAKING IDEAS 


SPECIAL SERVICES — If you have a 
problem in automatic control, AE can 
supply completely wired and assembled 
control packages designed to your 
specifications or help you develop en- 
tire systems. For more information write 
the Director, Control Equipment Sales, 
Automatic Electric, Northlake, Illinois. 
Ask for catalog on Relays and Switches 
for Industrial Control and new 32-page 
booklet on Basic Circuits. 





Interlock, On-Off, 
or Program-Cycle 
Operation 


SERIES OCS RELAY: 


A far superior alternate to an inter- 
lock relay wherever shock, vibration 
or field maintenance difficulties may 
arise. The main feature is its use as 
a programming relay that can follow 
or initiate a prescribed series of 
events or cycles, and is, therefore, 
particularly useful in solving auto- 
matic-control problems. 


Telegraph 
or other 
Polar 
Operation 


SERIES PTW RELAY: 


For high-speed response to polar- 
ized pulses. These relays provide 
maintenance-free service in tele- 
graph-pulse-repeating operation, 
such as teleprinter and digital data 
transmission circuits. Their tung- 
sten-carbide contacts provide billions 
of operations in normal service, 
Operate time is less than 0.001 sec., 
contact bounce less than 8%, 








WORK AUTOMATICALLY 


AUTOMATIC ELECTRIC 


Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 


Were ty ee A 
ie nN 
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1/2-AMPERE 





SWITCHING 
DIODE 


NEW FROM SPERRY is this high-temperature IN690 
series silicon diode which gives you greater current- 
handling capability than germanium diodes — with 
no sacrifice in recovery time! 

Check for yourself the performance characteris- 
tics of this new diode in the graphs at left . . . then 
compare them with our minimum specifications 
below. 


FAST RECOVERY. Maximum recovery time is 
0.8 microseconds to return to 10 K ohms. 
Recovery test switches from a forward current 2 
microsecond pulse of 500 ma, to a reverse voltage 
of —50 volts with a loop impedance of 1 K ohm. 


HIGH FORWARD Conductance. The for- 

ward current specification is 400 ma at 25° C 
with 1.0 volt maximum drop under static (d-c) 
conditions. Conductivity increases with tempera- 
ture — diagram shows typical “x-y” plots at 25° 
and 150° C. 


) LOW LEAKAGE at high inverse voltage. Spec- 
ification at 25° C is maximum 0.25 ya at 
rated voltages. 


HIGH INVERSE VOLTAGE. Saturation volt- 
ages can be supplied in a range from 40 to 
150 volts for this high current series. 


* HIGH-TEMPERATURE OPERATION. | ypically, 

leakage current is no greater than 30 ya at 
working inverse voltage and 150° C. Diodes are 
rated for both operation and storage at tempera- 
tures from —65° to +150° C. 


SPER SEMICONDUCTOR DIVISION 


SPERRY RAND CORPORATION 





South Norwalk, Connecticut 


ADDRESS ALL INQUIRIES: Marketing Department, 
So. Norwalk, Conn., or Sperry offices in Brooklyn, 
Cleveland, Seattle, San Francisco, Los Angeles, New 
Orleans, Bostoh, Baltimore, Philadelphia. 


CONTROL ENGINEERING CIRCLE 22 ON READER-SERVICE CARD 





WHAT'S NEW IN CONTROL 








Joint Control Meeting for Boston 

Boston—First joint-society meeting on con- 
trol systems engineering has been: scheduled 
by a special steering committee appointed by 
the American Automatic Control Council. 
The pioneering session will be held on the 
MIT campus in Cambridge (Mass.) on Sep- 
tember 7, 8, and 9, 1960. Cooperating socie- 
ties: ISA, IRE, AIChE, and ASME. 


British Petroleum Buys Computer 

London—British Petroleum Co., Ltd. has 
ordered a control engineering research elec- 
tronic simulator from Air Trainers Link, Ltd. 
for installation in the company’s refineries 
and technical department. Simulator will be 
used to reproduce conditions on refining 
apparatus so that new automatic control SYS- 
tems can be studied. 


Whirlwind | Looks for a New Home 

Cambridge, Mass.—Whirlwind I, the grand- 
daddy of all digital computers, has been re- 
tired by MIT at the ripe old age of eight— 
a victim of obsolescence. Compared to to- 
day’s solid state machines, Whirlwind is too 
slow, cumbersome and expensive to maintain. 
As the first digital computer, it could handle 
20,000 arithmetical operations per second 
using 16-bit characters. Mean free time be- 
tween errors was over 200 hours. When the 
machine was first built under contract to 
Office of Naval Research, it had an electro- 
static memory with a capacity of 32,768 bits— 
2,048 characters of 16 bits each. However 
the memory averaged an error or two a day, 
was finally replaced by the first magnetic core 
memory in 1953. It took core supplier Gen- 
eral Ceramics Corp. 11 months to supply the 
100,000 cores for the memory. At that time, 
the company had to make 500,000 to get 
100,000 usable ones. Government agencies 
are now being canvassed to determine 
whether any of them have a use for Whirl- 
wind. If nobody in government wants it, 
the machine may go to a private organization 
or a friendly foreign country. 


Electronic Control for Cement Kilns 

Riverside, Calif.—First large-scale (50 
loops) installation of Foxboro’s solid state 
electronic process control (Electronic Con- 
sotrol Instrumentation) is undergoing in- 
stallation checkout pains at Riverside Cement 
Company’s Oro Grande (Calif.) plant. Ap- 
plied to two new kilns, the Foxboro units 
represent a major innovation in the cement 
industry. One major job of the control is 
to regulate the temperature of kiln material 
while automatically maintaining proper com- 
bustion through oxygen control and opera- 
tion of the clinker cooler. Twenty control 
loops are involved in controlling temperature 
of the two kilns. To regulate the amount 
of secondary air down into the kiln, a pre- 
determined fuel-air ratio is maintained by 
controlling the speed of the draft-fan. When 
an operator changes the fuel setting, the fan 
speed changes proportionately. Eventually 
the electronic control will be tied in to a 
Thompson Ramo-Wooldridge RW-300 com 
puter which will be used to solve equations 
relating to the composition of materials and 
to adjust the operation of the kilns. 


Remote Gas Turbine Power Station 

Vaucouver, Can.—B. C. Engineering Co., 
Ltd. is building the first automatically con 
trolled gas turbine installation in the world. 
Four 25-megawatt turbines will be installed 
at Port Mann, Canada. The plant will be 
fully automatic, unattended, and remote con- 
trolled by supervisory control and telemeter 
ing equipment. Signals will be transmitted 
both by land line and microwave from the 
control room in the B. C. Electric head office, 
15 miles away. 


Automatic Warehouse for Colgate 

Kansas City, Mo.—A punched card run 
warehouse is being built for soap maker Col 
gate-Palmolive-Peet Company. General Elec- 
tric will supply the control equipment, hay 
ing won the contract in spirited competition 


with IBM. 
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SIZE 8 FEEDBACK WINDING RESOLVERS 


SIZE 11 AMPLIFIERLESS RESOLVER 
FOR ANGULAR DATA TRANSMISSION 


These resolvers are designed for 
use with transistorized amplifiers 
and permit the solution of spheri- 
cal triangles in a size 8 cascaded 
resolver chain. 

Functions of the spherical tri- 
angle which can be produced are 
indicated in the schematic below. 
More complex trigonometric func- 
tions, as well as systems involving 
coordinate axis transformation, can 
be generated with the use of these 
resolvers. 

Accuracy: Functional error .1% 
or less; winding perp. + 5’. Electri- 


cal characteristics: Input voltage 
15v400~ (stator); output voltage 
13.7v (rotor); phase shift (stator 
as primary) 20.5°; output voltage 


13.7v (compensator); Zro 234 + 
j596; Zso 244 + j548; Zcompensa- 
tor 237 + j553; max. null voltage 
1 mv/v. 
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SIZE 11 RESOLVER TRIMMED FOR 
ZERO PHASE SHIFT CONTAINS ALL 


COMPENSATION IN 2%” LENGTH 


These size 11 resolvers incorporate an -integral 
transformer which simulates a resolver function 
at maximum coupling. They are used in the typical 
chain application indicated below for angular data 
transmission. In this particular application, the 
output information can be servoed at either end 
of the chain. 

Quick disconnect allows ease in harnessing. 

Accuracy: +5’ of arc or less; winding perp. 
+5’. Electrical characteristics: input to EITHER 
rotor or stator. Input voltage 115v1600~; output 


The YZC-11-E-1 precision 
computing resolver has been 
developed for use in a cas- 
caded, amplifierless resolver 
system at 900~. 

These units have been 
trimmed to provide zero phase 
shift and compensated for 
transformation ratio stability, 
under temperature, when 





voltage 110v both stator and rotor as primary; 
phase shift (stator 
primary) 1.1°; phase Accuracy: Functional error 
shift (rotor primary) -1% or less; winding perp. 
1.9°; Zso (nom.) +5’. Electrical characteris- 
990 + j13500; Zro tics: Input voltage (stator) 
(nom.) 1150 + 40v900 ~; output voltage 
(rotor) 33.2v; phase shift 0; 
max. null voltage 1 mv/v. 

Also ready for delivery is 
an equivalent, compatible 
pancake resolver, By its use, 
differential information from 
an inertial platform may be 
obtained and introduced into 
the system. 


working into their iterative 
impedance. 
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Clearing the Troubled Air 


Interference of electronic de- 
vices is worrying the U.S. 
Army. The Signal Corps is set- 
ting up a multi-million dollar 
installation of instrumenta- 
tion and data acquisition 
equipment to study equip- 
ment compatibility under ac- 
tual field conditions. 


FORT HUACHUCA— 

On a sun-baked stretch of Arizona 
desert and mountainside covering 270 
miles, the U.S. Army Signal Corps 
will soon start building a unique out- 
door maneuver area called the Elec- 
tronic Environmental Test Facility. Its 
purpose: to obtain detailed informa- 
tion about the radiation emitted by 
Army electronic gear and the sus- 
ceptibility of electronic systems to 
radiations emitted by other systems 


operating nearby. The new facility 
will be part of the U.S. Army Elec- 
tronic Proving Ground here. 

The Signal Corps’ grave concern 
about electronic compatibility points 
out an increasingly harassing fact of 
modern life: it is getting tougher to 
find a place free of man-made elec- 
tronic interference. To Army planners, 
growing more dependent on elec- 
tronic devices every year, the answer 
is crystal clear: learn more about 
interference or stop developing new 
electronic devices. 

¢'Crowded military air—Army units 
are already using electronic equip- 
ment for communications, enemy sur- 
veillance, weather forecasting, data 
processing (CtE, July ’59, p. 25), mis- 
sile guidance, target location, fire con- 
trol, and radio jamming. In fact, an 
Army Corps (composed of three Pen- 
tatomic divisions) in the 1960’s will 
use over 15,000 electronic devices— 
jammed into an area only 60 miles by 
60 miles. On top of this, the enemy 
can be expected to unleash electronic 
countermeasures to confound the 


Army’s electronic gear. And the Army 
will reciprocate with its own repertory 
of countermeasures. 

This density creates an electronic 
environment in which each device 
may receive hundreds of undesired 
signals competing with the desired 
one, and many of these will have suf- 
ficient strength to create noise or 
disturbance. 

¢ Significant interference—Function 
of the EETF is to supply a highly in- 
strumented area closely resembling 
the military environment in which 
this equipment will operate. All the 
devices of a Corps will be deployed— 
or simulated—so they can produce 
their normal radiation frequencies, 
patterns, and effects. Then the effects 
of this electromagnetic radiation will 
be measured and recorded so that “sig- 
nificant interference” can be isolated 
and identified. 

The term “significant interference” 
represents a new factor contributed 
by the proving ground. It means a 
degree of interference that is objec- 
tionable. The big problem is putting 
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Solutions to temperature-measurement problems are not so elusive once an 
Arnoux high-level-output temperature-measurement system (TME) is 
installed. The multichannel, solid-state TME, a complete package, is versatile 
in application, flexible in use. TME features range selection, expandable 
temperature span, recalibration in seconds...direct high-level-voltage read- 
out...de amplifiers are completely unnecessary; result: low, low cost per 
channel...total range from —320F to +1000F...available in airborne or 
ground versions. ARNOUX CORPORATION 

11924 W. Washington Blvd. ¢ Los Angeles 66, Calif. 


ARNOUX 


PHONETICALLY, SAY ARE’NEW 


TEMPERATURE-MEASUREMENT 
SYSTEMS 
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WHAT’S NEW 


numbers on significant interference, 
something that will be the object of a 
fundamental study soon after EETF 
starts operating. 

Harmonics of frequencies are the 
worst trouble makers, according to 
D. K. Adams, chief plans branch, 
planning and development div. at 
Fort Huachuca. A radio transmitter, 
for example, operating at 800 ke, 
would also be sending out weaker sig- 
nals of 1600 and 2400. ‘T'wo transmit- 
ters operating together at different fre- 
quencies might not cause any trouble, 
says Adams. But put them close to- 
gether and the harmonics of each 
could develop a third frequency that 
would raise merry hob with all the 
electronic devices in the area. 

¢ New instrumentation — Another 
major headache is devising new in- 
struments to detect and measure sig- 
nificant interference. © Huachuca’s 
Adams expects that such instruments 
as precision slotted line and VSWR 
indicators will be the workhorses. 
These can be used to measure stand- 
ing wave ratios, impedance, funda- 
mental and harmonic frequencies, 
relative power, and attenuation loss in 
transmission lines over the frequency 
range of 100-3000 megacycles. No- 
body, however, is willing to guess how 
many new instruments will have to be 
developed for range. 

EETF’s buildup has been planned 
to stretch over five years. At the end of 
two years, the Signal Corps expects 
to be able to make sufficient tests to 
try out the concept of an electronic 
environmental testing area. Studies 
will be made in the magnitude of a 
company or batallion operation. But 
by the end of five years the Signal 
Corps plans to make full scale tests. 

The Corps is currently looking for a 
single civilian contractor to supervise 
the construction and operation of 
EETF. Plans call for first tests to 
start six months after this prime con- 
tract is awarded. It’s estimated that 
the first two-year phase will cost $24 
million. 

¢ Electronic combat area—For full 
scale operation, Fort Huachuca has 
staked out a Corps’ typical operating 
territory (see tactical map). The plot 
encompasses all kinds of terrain: des- 
ert, bare mountain ridges, and valleys 
covered with heavy vegetation. In it, 
at suitable locations, all the elec- 
tronic devices used by the Corps will 
be placed to establish the same dy- 
namic environment as found in com- 
bat. Those devices that are too ex- 
pensive to be incorporated will be 
simulated by signal generators, chosen 





K&M 

GIVES YOU 

THE MOST VALVE 
FOR YOUR DOLLAR 


averaging highest in Cy ratings 


When you are buying control valves, one of the most important points 
to consider is flow capacity, or Cy. Valves of the same nominal size 
won't necessarily deliver the same flow output, which is what you're 
paying for. 

K & M valves give you the highest Cy’s available. This is not an 
extravagant claim derived from estimates or theoretical calculations; it 
is based on actual hydraulic tests. 


The accompanying table will show you just how much higher is 
K & M’s flow capacity. Sometimes, this greater efficiency permits the 
use of the next smaller size valve—at a substantial dollar saving. Al- 
ways, it provides better controllability: fluid flow is smoother, less turbu- 
lent, with lower pressure loss through the valve body. 


With K & M, you get what you pay for—and then some. 


SEND FOR BULLETIN CV53. 


iiiehesa eek KIELEY & MUELLER, INCORPORATED 


Our 80th Year Oldest Pressure and Level Control Valve Manufacturer 
64 Genung Street, Middletown, New York 
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how HIGH is 
“high reliability”? 


here’s sheer torture for a Pot! 


PROBLEM: Preco Inc. needed a high 
reliability, pendulum-actuated sector po- 
tentiometer for its Automatic Blade Con- 
trol to serve as the reference for control- 
ling the transverse slope of the cutting 
blade in road-grading equipment. The pot 
would be subjected to operating conditions 
rarely encountered even in the most severe 
military applications. In addition, no tech- 
nical assistance would be available for 
maintenance or replacement. 


SOLUTION: Using precious metal 
alloy wire, a specially formed mandrel 
and a precious-metal wiper assembly, Fair- 
child engineers developed an extremely 
high resolution pot which has performed 
effectively through more than 30 million 
cycles with a linearity of 0.15% anda 
resolution of 0.5 miliradian. Another ex- 
ample of Fairchild ability to custom tailor 
precision potentiometers and sensing de- 
vices to solve complex problems over a 
wide range of applications. 


CUSTOMER’S TEST RESULT 


Other designs failed after only 
2 months’ wear 
FAIRCHILD’S POT has exhibited 
an equivalent of 5 to 10 years’ life 


El 


225 Park Avenue Hicksville, L. 1., N.Y + 


)IRGHILD 


COMPONENTS DIVISION 


6111 E. Washington Blvd. Los Angeies, Cai 
A Subsidiary of Fairchild Camera and instrument Corporation 
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| WHAT’S NEW 
to carefully reflect the radiation fre- 
quency and pattern of the original. 

Throughout the test area 18 mobile 
monitoring stations will be spotted. 
Each will contain measuring instru- 
ments to detect the necessary variables 
(all of which have not yet been se- 
lected). Each will record its collected 
data on magnetic tape at the mobile 
unit as well as transmitting it by 
microwave to the central control sta- 
tion at Fort Huachuca. As a starter, 
mobile facilities will carry telemetry 
units, engineering test units, frequency 
monitoring units, radar units, com- 
munication units, and signal simula- 
tors—all of a conventional design. 

Instrumentation is expected to be 
developed in three stages. In the first 
phase—described above—the _ instru- 
mentation will be fully manned, with 
no special provision for automatic 
scanning data readout, or remote con- 
trol. Two types: 1) general purpose 
units with great sensitivity and wide 
coverage, and 2) smaller units with 
coverage limited to spectra of particu- 
lar interest and with higher frequency 
and directional resolution within the 
chosen bands. 

In the second phase, high speed 
frequency scanning and semi-automa- 
tic operation will be added to provide 
broader coverage of the simulated elec- 
tronic-order-of-battle. In the final 
stage, airborne monitors, with special 
data handling and storage provisions 
will further increase capabilities. 

*Collecting the data—During a 
test, two kinds of data will be col- 
lected. First, EETF will measure the 
response or output of equipment un- 
der test—such variables as peak power, 
antenna pattern, and spurious radia- 
tions. This information will be com- 
pared to operating characteristics for 
the equipment measured during a test 
in which the equipment is isolated 
from other electronic devices. The 
result will show how the environment 
affects the operation of the gear. 

Second important data is how the 
equipment understudy influences the 
characteristics of the environment. 

Huachuca’s planners envision a test 
setup which will permit them to stop 
any objectionable interference as soon 
as it is identified. They'll do this by 
shutting off each of the 15,000 de- 
vices in the test area in turn, and 
measuring its effect on the one device 
under test. To do this tremendous 
job, Huachuca will use a magnetic 
tape to program the entire test. Dur- 
ing a run, the sequencing operation 
will stop as soon as significant inter- 
ference is detected. 

—Lewis H. Young 
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New performance levels can now be achieved 
at environmental extremes in advanced aircraft 
and missile applications. These light, compact, réfia 


servovalves are available in quantity to your specifica ” 
Consult Moog for precision electrohydraulic servovalves, Me 
servoactuators and integrated servosystems. 


WRITE FOR CATALOG 310 


MOOG SERVOCONTROLS, INC. PRONER AIRPORT, EAST AURORA, N.Y. 


LEADING INNOVATOR AND PRODUCER OF ADVANCED ELECTROHYDRAULIC SERVOVALVES 
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“Hand size” control valve 
for all corrosive applications 


p Inexpensive and highly dependable. 


Available in globe or angle body 
single port construction. 


Fisher now offers the low cost, dependable “BA” angle 
body and the “B” globe body valves for use on heavy 
duty applications involving corrosive liquids. Bodies are 
machined from 316 stainless steel bar stock, or other 
alloys such as Monel or Hastelloy. Either body can be 
supplied with Type 510 spring open or Type 511 spring 
closed diaphragm actuator. Normal diaphragm range 3 
to 15 psi. 


— 





Type 510-B vaive with globe body Type 511-BA valve with angle 
and bolted bonnet construction. body and a union nut bonnet. 





CONSTRUCTION AND SPECIFICATIONS 





Vaive Body Sizes 14” 34” and 1” only with screwed end connections. 


inner Vaive Micro-flute or Micro-form. 


4", 44", 14" and 34" for the 1” size body. 
Orifice Sizes 4", 34" and 14" for the 34” size body. : 
14" and %" for the 14” size body. For complete information 
1500 psi at 450° F. write for Bulletin 57 B. 

















Overall Dimension «ha Oi the Type 510 or Type 511 topwork on either a 





dF (7 FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT'S CONTROLLED BY... 
FISHER GOVERNOR COMPANY 


Marshalitown, lowa / Woodstock, Ontario / London, England 
CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsyivania SINCE 71880 
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Cosmic Probe Magnetic Tape Control 


Pride of the Russian exhibit is a display of space vehicles. Compact box at left contains numerical control system to direct 
Replica of the sputniks can be seen as well as this duplicate of the three-axis milling machine shown here. System is open loop 
the cosmic probe which went into orbit around the sun last because the Russians feel closed loop control is too complicated for 
January. (Its control system was described in CtE, Feb. ’59, mass production. 10 of these numerically controlled mills have 
p. 68.) A recorded talk accompanies the display. been built; the Soviets plan large scale production. 


Automatic Synthesizer 


Contact circuit synthesis machine auto- 


vari oleae’ MA Russian Spectacular 
Opens in New York 


operating conditions. 


Giant Soviet exhibition in New Sa 
York i igh h ‘ A newspaperman misquoted Soviet 
ork is a sight worth seeing. Exhibition chief A. N. Manzhulo. 


It is heavy on instrumentation, The journalist cited the cost of the 

light on controls. In addition, Soviet Exhibition (which opened on 

the consumer goods displays June 30, will run to August 10) as 

the models of factories onal $12 million. What Manzhulo had 
’ 


f ‘ actually said was the show cost 12 
the atmosphere of Russian life million rubles or 3 million dollars. 


should interest engineers. But the original figure of $12 million 


Air Traffic Controller 


Handsome console for air 
trafic control at airports rep- 
resents a Soviet “what might 
be” product. Equipment has 
built-in two-way communica- 
tions. Scopes in the center 
are radar screen (left), glide 
path for instrument landings 
(center) and slope of glide 
path (right). Behind the con- 
sole can be seen a model of a 
proposed airport tower. 








THE FINE ART OF TRACKING and recording data 
from the nation’s newest missiles is the task of the newly outfitted USS 
American Mariner—operating in the waters of the Atlantic Missile Range. 
Advanced electronic equipment aboard includes CEC DataTape 5-681 Digital 
Recorder/Reproducers. Employing all solid-state electronics, the units feature 
5-millisecond start and stop times, 0.05" tape positioning accuracy, 1014” 
NARTB reels, and complete front accessibility. Transport fits standard 19” 
relay rack. Two types provide tape speeds to 30 and 150 ips. For more 
information, call your nearest CEC sales and service office, or write for 
Bulletin CEC 1618-X6, 


DataTape Division —C 
CONSOLIDATED ELECTRODYNAMICS / 360 sierra madre villa, pasadena, california 


FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 
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might very well have been correct if 
the Russians had not brought a lot 
of displays from the World Fair in 
Belgium. The Soviet Exhibition is 
one of the most spectacular exhibits 
ever. held in the New York Coliseum 
(see photos, page 31). 

ith over 10,000 individual dis- 
plays, the Russians have tried to pre- 
sent a slice of Russian life. One prob- 
lem to American visitors is how to 
separate what actually is from what 
the Soviets would like to be. Just by 
looking, it is impossible to tell a pro- 
totype from a production item. For 
example, on display is a magnetic tape 
controlled, three dimensional milling 
machine. By cross-examining a Rus- 
sian attendant, CtE learned that only 
five units of this design had been built. 

Although the instrumentation and 
control exhibits took up only a small 
art of the six acres of show, a num- 
ee of interesting devices were on dis- 
play. Here’s a thumbnail sketch: 
¢ Relay circuit analyzing machine, 
the first one ever built in the Soviet 
Union, cuts relay design time. 
¢ An analog computer that requires 
no stabilized power supply. Opera- 
tional amplifiers are added in modules, 
four to a module. Functional gener- 
ators use germanium diodes. Non- 
linear sections and the power supply 
are transistorized. 
¢ Vertical milling machine with 
open loop control, programmed with 
magnetic tape. The Russians have 
built about 10 of these, plan large 
scale production. A closed loop pro- 
file machine, also on display, will not 
be presage in large numbers; its con- 
trol is too complicated. 
¢ Air traffic control console with a 
demonstration of how it is used. There 
is considerable doubt however, if 
there is a single such installation any- 
where in Russia. 
¢ Radioactive thickness gages used 
to measure the thickness of paper. 
e Laboratory instruments fduding 
a quantometer which could pass as an 
American design for special analysis of 
alloys, an ultra-taumeter which the 
Russians said was an entire laboratory 
for the study of luminescence and 
photoconductivity, a steeloscope for 
the rapid visual qualitative spectral 
analysis of steels. 

e Soviet Exhibition opened with 
rave reviews: Over 40,000 people 
toured it the first day. If you are in 
New York before August 10, the show 
is worth seeing. Admission is one dol- 
lar. The exhibit is open from 11:00 
am to 10:00 pm, except Sunday when 
the hours are 1:00 to 8:00 pm. 
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SOLA ELECTRIC CO. -: A Division of Basic Products Corporation 
4633 West 16th Street - Chicago SO, Illinois + Telephone Bishop 2-1414 «+ Cable Address “Solec” 


TWO FORWARD STEPS 
IN VOLTAGE REGULATION 
WILL SAVE YOU MONEY 


Over four years of development, design and improvement of manu- 
facturing methods in the Sola labs and plant have finally resulted 
in two advances in the voltage regulating field: 


A new "standard" Sola Constant Voltage Transformer 
provides famous Sola +1% regulation, along with 
SINUSOIDAL OUTPUT AT NO PRICE PREMIUM OVER OTHER 
MAKES OF STATIC-MAGNETIC REGULATORS. 


Many “normal-harmonic" types of the Sola CV have 
been REDUCED IN PRICE, thus opening to you the 
benefits of supply voltage regulation in new 
fields where cost has heretofore been a deterrent. 


The new Sola Standard Sinusoidal Constant Voltage Transformer 
affords all the proved benefits of a static-magnetic regulator. It 
provides output voltage regulation of +1% for line voltage variation 
as great as +15%. It provides completely automatic and continuous 
regulation, with output having less than 3% rms harmonic content. 


In addition to the improved output wave form, the new design 
is substantially smaller and lighter than previotis models. Because 
of design and production innovations, it is relatively compact com- 
pared to other equipment for comparable ac voltage regulation. It 
costs about the same as previous models which did not have sinu- 
soidal output. This sine wave output feature at such a low cost 
permits use in many applications requiring harmonic-free input where 
previously the cost was prohibitive. 








The sinusoidal output feature contributes to ease of selection 
and ordering. The buyer merely selects the stock unit whose output 
capacity equals or exceeds the desired equipment input. Formulae 
based on sinusoidal wave shape may be used in designing related load 


- please turn page 


Manufacturer of specialty transformers and other electro-magnetic devices 


(Advertisement) 





SOLA ELECTRIC CO. 


- continued from preceding page 


circuitry. The Sola Standard Sinusoidal CV Transformer is available 
in nine stock output ratings from 60va to 7500va. 


The "Normal-Harmonic Type" -- the familiar "Sola CV" -- had 
become the "standard of the industry" for static-magnetic voltage 
regulation by virtue of its outstanding performance for over fifteen 
years. Now it, too, has been given a comprehensive re-design 
treatment which has yielded the same kind of weight and size 
reduction secured in the new sinusoidal type -- and without sacrificing 
the performance for which it was widely recognized. 


Cost savings from this four-year program of refinement are NOW 
PASSED ON TO YOU in the form of appreciable price reductions on many of 
the most popular ratings. You can now consider the benefits of 
closely-regulated supply voltage for your equipment at less cost 
than ever. 


With electrical control systems and components continuing to 
increase in number and complexity, and imposing more rigid reliability 
requirements, these new Sola Constant Voltage Transformers provide 
many advantages and virtually unlimited application. They are ideal 
where utmost reliability is required, with no transformer maintenance. 


We would welcome the opportunity to provide you with more detailed 
information. Please write for Sola Product Bulletins for data on our 
stock models. Or write or call for full information on custom units 
for specific requirements, available in production quantities. Your 
request will be promptly handled. 

Sincerely, 


SOLA ELECTRIC Co. 


Nelson P. Marshall 
General Sales Manager 


(Advertisement) 
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Unique Printer 


Spews Out Data 


A revolutionary printing proc- 
ess, using a television tube with 
a wire matrix in its face, prints 
out at rate of 10,000 lines per 
sec, or 20,000 characters per sec. 


A high-speed electronic process cap- 
able of translating computer language 
into a display or hard copy at the 
rate of up to 20,000 letters, numbers, 
and symbols per sec, has been devel- 
oped by the A. B. Dick Co. Named 
the Videograph process, it can read 
and translate binary pulses directly 
from a computer, magnetic tape, or 
paper tape or directly from punched 
cards. And it can either print the 
translation or display it on a television 
screen. 

An additional unique feature of the 
process is the ability to instantane- 
ously print out pictures of moving 
objects which pass in front of a spe- 
cially adapted television camera. As a 
result, it can be used to scan such ob- 
jects as moving railroad cars. 

¢ Wires replace the phosphors—The 
new printer is based on a special cath- 
ode ray tube, called an electrostatic 
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printing tube, developed at Stanford 
Research Institute in a program that 
started in 1955. The conventional 
phosphor-faced screen of the cathode 
ray tube has been replaced by a matrix 
of spaced, small-diameter wires fused 
into its face plate across its major di- 
mension. The inner ends of wire are 
directed towards the electron gun; the 
outer ate aired to the atmosphere. 

Here’s how the process prints. First 
an electrostatic image is created on 
the printing medium, usually paper. 
To do this, an electron beam is ener- 
gized, it strikes the inner ends of the 
wire so that it conducts electrons 
through the vacuum wall. These elec- 
trons are thus deposited on the paper 
surface, directly under the point of 
impingement of the electron beams, 
as a negative charge pattern. 

Next the electrostatic image is de- 
veloped into a visual image and 
“fixed” to provide permanency. To 
do this, the paper passes through a 
mixture of a carrier which is usually 
charged negatively, and a_ toner 
powder which is statically charged to 
a positive potential. The positively 
charged toner is attracted by and 
adheres to the negative charge pat- 
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Hydraulic Relay Units can be 
found in the remote control of 
rolling mills, cranes, elevators, 
machine tools, furnace regulators 
in wind tunnels and in remote 
multiple control of valves in oil 
blending or the mixture control and 
weighing of materials. Muirhead 
engineers will be pleased to discuss 
the suitability of Hydraulic Relay 
Units and to advise on methods of 
installation and control. 

Hydraulic Relay Units are made 
in two sizes (Two stages of 
amplification) :— 

The larger model, type D-696, 
gives an output torque of 40 Ib ft 
equivalent to 70 lb force acting at 
the output arm radius of 6-1/2 in 
through +10-1/2° in. Typical 
response time is 0.2 seconds. 

The smaller model, type D-881, 
gives output torques of 4 Ib ft, 
2 Ib ft or 1 Ib ft, with. response 
times of 0.3 secs, 0.15 secs and 
0.075 secs respectively. The ra 
radius of the output arm is 

3-1/2 in. Angle +15°. 





Videograph printer. 


tern imprinted on the paper by 
the electron beam. The negatively 
charged carrier is repelled. Next the 
charge is fixed by applying heat 
which sets the toner to form a per- 
manent black image. 

To date, the Dick Company has 
used a pigmented thermoplastic resin 
powder for the toner, iron powder 
as the carrier. 

For high speed printing, the pa- 
per or other printing medium is 
transported across the face plate of 
the tube in a direction generally per- 
pendicular to that of the wire array. 
For high speed scanning or facsimile 
reproductions, a special tube is used, 


one having a single row or array of 
wires across the face plate. The elec- 
tron beam sweeps across the single 
row of wires, synchronized with the 
horizontal scanning function of the 
scanning unit. The paper travels past 
the face plate synchronized with the 
vertical scanning rate. 

e Applications—Although the sys- 
tem is brand new, the Dick Com- 
pany has already sold several installa- 
tions. A major publisher has bought 
two units to prepare mailing ad- 
dresses for magazines. In this appli- 
cation, the Videograph equipment 
Write for will receive coded information from 
details computer magnetic tapes and then 
will edit the data to reject unwanted 
information such as expired subscrip- 
tions. The printer will prepare rolls 
of magazine address labels at the rate 
of 36 labels per sec., producing 10,- 
000,000 labels per week, replacing 18 
machines now working two shifts. 

. Cost of the new installations range 
MUIRHEAD INSTRUMENTS INC - 441 LEXINGTON AVE - N.Y.17> U.S.A. from $100,000 to $700,000, rte. 
MUIRHEAD INSTRUMENTS LTD : STRATFORD - ONTARIO - CANADA ing on the job to be done. Each of 


mde 
MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND ¢ units ordered by the publisher, 


for example, will cost $135,000. 
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The Team Approach 


Infrared systems and other modern-day electronic equipment use many special-purpose 
transformers having unusual electrical requirements. For example, the small cylindrical 
transformer shown connected to the decade box was designed by Radiation Electronics 
Corporation to operate at a primary signal level of 10-8 volts. Its primary and secondary 
impedances are 5 and 50,000 ohms respectively (dc resistance of primary only 0.6 ohm). 
Bandpass is from 12 cps to 45 kc. To measure these transformer characteristics, a test setup 
composed of the following G-R instruments is used: 


1603-A Z-Y BRIDGE (at left) measures transformer 
impedances in terms of quadrature components at 
various frequencies and signal levels (transformer 
input voltage is varied by simply changing the 
bridge input). This Bridge can be balanced for any 
impedance from short circuit to open circuit, real 
or imaginary, positive or negative, over the entire 
audio-frequency range. Basic accuracy is 1%. 
Price: $370. 


1217-A UNIT PULSER (upper center) provides a 
means for measuring low-frequency response to 
better than 0.3 cps — well below the range of con- 
ventional audio oscillators. Long-duration pulses 
are fed to the transformer under test, and low- 
frequency cutoff is determined by the measurement 
of the resulting pulse droop. Unit Pulser repetition 
rate 15c to 100 kc; pulse duration 0.2 usec to 
60,000 usec. Price $235, Power Supply $40. 


*This group Bf instruments 


useful for the testing of 


electro-mechfnical transdyters and audio-frequency 


devices of ail types. 


! 


1206-B UNIT AMPLIFIER (beneath Pulser) an 
ideal general-purpose amplifier — 3-watt out- 
put from 20c to 50 kc, 1.5 watts from 10c to 
100 kc — less than 1% harmonic distortion. 
Price $85; Power Supply $40. 


Write For Complete Information 


1432 DECADE RESISTANCE BOXES provide 
primary and secondary loads for the trans- 
former under test. Decade Boxes are available 
in 10 different models in 0.1-Q2 steps to 
1000-22 steps, total resistances from 1112 to 
1,111,100Q. Prices range from $68 to $143. 


GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 


Photograph Courtesy 
Radiation Electronics Corp., Skokie, Illinois 


546-C MICROVOLTER (extreme right) meas- 
ures transformer gain and usefulness at very 
low signal levels. Used with an oscillator, the 
Microvolter supplies small, accurately-known 
voltages from 0.5 wv to 1.0v open circuit. 
Basic accuracy is 3%. Price: $140. 





NEW YORK AREA 


Ridgefield, N. J. 
N. Y. WOrth 4-2722 
N. J. WHitney 3-3140 


CHICAGO 

Broad Ave. atlinden 6605 W. North Ave. 
Ook Pork iil. 

Village 8-9400 


PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO 


1150 York Rd. 
Abington, Pa. 
HAncock 4-7419 


8055 Thirteenth St. 
Silver Spring, Md. 
JUniper 5-1088 
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1182 Los Altos Ave. 1000 N. Seward St. 
Los Altos, Cal. 
Whitecliff 8-8233 


LOS ANGELES IN CANADA 
99 Floral Pkwy. 
Toronto 15, Ontario 


CHerry 6-2171 


Los Angeles 38, Cal. 
HOllywood 9-6201 








TAI: 





AVION System. Standard 
MAGNETIC TRIGGERS 


for silicon controlled rectifiers 


Full-Wave « Model 410  Half-Wave « Model 408 


Designed for use with C35-, or equiva- 
lent, SCRs, Avion Magnetic Triggers fea- 
ture %-cycle response, virtually zero 
drift, and exceptional repeatability... 


Complete isolation between control- 
signal and power circuits + high power 
amplification + precise firing-angle con- 
trol + multiple contro! windings 





Input: 115V, 50-400 cycles, AC; less than 
1.5 watts power required to fire 
under all rated conditions 

Auxiliary control windings provided 


Special 400-cycle MIL spec model avail- 
able 


WRITE for prices; also for informa- 
tion on other Avion System-Standard 
Magnetic/Solid State Products. 


AWIORNI 


FOREMOST IN AVIONICS 


VID | Rs onli 


act 
SEE AVION AT WESCON BOOTH #3815 
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At Boeing 


Nearly Everybody Studies 
Numerical Control 


Over 1,500 employees have 
taken courses in numerical 
control because Boeing feels 
it affects all phases of com- 
from the 
shop to the finance and sales 


departments. 


pany operations: 


White collar workers and shop men sit side by side 


in Boeing’s numerical control courses. 


Here an 


instructor shows a part for the 707 jet liner which 
was milled on a numerically controlled mill. 


SEATTLE— 

More than 1,500 employees of the 
Boeing Airplane Company at Wichita, 
Kansas and Seattle have taken courses 
in numerical control in the past two 
years, Students have been drawn from 
every branch of the company, from 
production to finance. Two-thirds of 
them have completed a four-hour 
course in general familiarization of 
numerical control; but many of the 
rest have spent as much as 160 hours 
learning such subjects as planning and 
mathematical programming. 

“We have found that numerical 
control affects every phase of our com- 
ee operations,” says Ed Carlberg, 
acilities administrator who has worked 
on the Boeing numerical control pro- 
gram since its inception. “Because NC 
changes how we buy, purchasing peo- 
a take the course; because it affects 
now we inspect, quality control peo- 
ple need some training; because it 
alters how we bid on contracts, our 
sales people have to be aware of it; 
because it affects how we handle our 
cost accounting, finance people need 
to know about it; because it increases 
what our machine tools can do, our 
design engineers have to get ac- 
quainted with NC; and because it 
affects how we run our shop, our in- 
dustrial relations people study it.” 

The Boeing training reflects this 
tremendous impact. Courses have 


drawn students from engineering, fa- 
cilities, finance, industrial relations, 
manufacturing, material and quality 
control, and even top management. 

¢ General Starter—General familiar- 
ization serves as the starter for all 
other courses. It also helps to sell the 
Boeing program to all levels. ‘The com- 
pany has already installed 14 tape- 
controlled machines, expects to dou- 
ble that number this fall. 

Basic courses, ranging in length 
from six to 160 hours cover tool de- 
sign, quality control, use of computers 
in manufacturing control, and plan- 
ning and mathematical programming. 
One course introduces the Bendix 
tape control system (CtE, June °57, 
p. 31) to manufacturing and quality 
control people who have to know 
about the machine and its functioning 
but will not have to operate it. Other 
courses deal specifically with mechan- 
ical maintenance, electronic mainte- 
nance, and operation of specific ma- 
chines and control systems. 

Boeing tries to keep the size of 
classes small. Classes in general famil- 
iarization may have as many as 30 
students, but those of a more techni- 
cal nature will have as few as six. The 
courses are taught on company time, 
in classrooms within the plant. In- 
structors, from the Boeing training 
program, are selected for their knowl- 
edge of the fields to be taught and are 








boost reliability... 
lower noise... 
with the 


JI © 


| 


Get the extraordinary low noise, stability and reliability of the Low noise, greater stability, longer life 
Series 53—don't settle for the ordinary. The exclusive Clarostat Full 2-watt rating at 70 C 
one-piece carbon contact design completely eliminates the in Gold-plated terminals molded in place 
herent shortcomings of metal-to-metal moving contacts, result Crease.seal around shalt 
ing in lower noise, greater stability and longer life. Yero hacklash 

If your design deserves the best, specify Clarostat Series 53 Available in completely encapsulated 
molded carbon potentiometers. Write for complete technical units for maximum 
details... environmental protection 


SPECIFICATIONS 


@ POWER RATING: 2-watts at 70°C 

@ RESISTANCE RANGE: Linear—50 to 10 meg. Tapered—250 to 5 meg. (Right or left-hand) 
@ INSULATION BREAKDOWN: Between terminals and ground for 1 minute, 1000 v.d.c. 

© SWITCHES: SPST, SPDT, DPST 

@ TORQUE: 1 to 6 oz. in. Up to 20 oz. in. with jam nut bushing. 

@ EFFECTIVE ROTATION:312° + 3° 

@ CONSTRUCTION: Meeting requirements of MIL-R-94 where applicable. 


. 


Z direct 
; line | 
° service 4 
me 5 : IMMEDIATE: 
AT < ' 
(SIN < CLAROSTAT MFG.CO.,.INGC.; DELIVERY! 


> 
. 
DOVER, NEW HAMPSHIRE Phone your fecal Clarostat Industrial ‘e 
— 
> 
- 


c Ah 

ris 
aN 
Bh 


. * 

‘ Distributor for popular, standard Series 53 
¢ ) re In Canada: Pe or military style RV-4 units... for 
‘ . 


CANADIAN MARCONI CO., LTD., TORONTO 17, ONT. fast delivery from local stock. 


A 
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“VTJontrose 


"Senet i 


AVIATION CORPORATION 


SYNCHROS 


MIL-S-20708 | MIL-S-2335 


fee kod 


Your complete source for all military type synchros with 


SIZE 11 


“off the shelf” delivery 


CT4c, 26V‘CT4c, CX4c, 26V-CX4b, CDX4a, 26V-CDX4b, TR4b, 26V-TR4b, 
TX4b, 26V-TX4b 





SIZE 15 


CT4b, CX4b, CDX4b, TR4c, TX4b, TOX4dBT6b, CX6b, CDX6b, TR6a 





SIZE 18 


CT4b, CX4b, CDX4b, TR4b, TDX4b, CT6b, CX6b, CDX6BY TX6a, TRX6a 





SIZE 23 


CT4, CT4a, CT4b, CX4, CX4a, CX4b, CDX4, CDX4a, CDX4b, TR4, TR4a, 
TR4b, TX4, TX4a, TX4b, TDX4, TDX4a, TDX4b, TDR4, TDR4a, TDR4b, 
CT6, CT6a, CT6c, CX6, CX6a, CX6c, CDX6, CDX6a, CDX6b, TR6, TR6a, 
TX6, TX6a, TX6b, TDX6, TDX6a, TDX6b, TDR6, TDR6a, TRX6a 





SIZE 31 


TR4d, TX4a, TX4d, TDX4b, TDR4b, TR6b, TX6b, TDX6b, TDRGb 





SIZE 37 


TR4a, TX4b, TDX4a, TDR4a, TR6b, TX6b, TDX6a, TDR6a 





TYPE 1 


1D, 1F, LHCT, LHDG, 1HG 





TYPE 3 


3D, 3F, 3HCT, 3HDG, 3HG 





TYPE 5 


5D, 5F, SHCT, SHDG, 5HG, SN 





TYPE 6 


6HDG, 6HG 





WRITE FOR FREE 


Rapid Reference Guide to 
Military Synchros. 


Write on company letterhead 
for Synchro Engineering Catalog. 





West Coast Sales and Service Office—117 East Providencia Avenue, Burbank, California 


Canadian Sales Office — Aviation Electric Limited, 200 Laurentien Bivd., Montreal, Quebec, Canada 


Export Sales and Service —Bendix International, 205 East 42nd St., New York 17, New York 


Montrose Division "Bends i 


SOUTH MONTROSE, PA. 
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WHAT'S NEW 


often sent to manufacturers’ plants 
for special instruction. 

In some courses, such as the use of 
computers, Boeing developed its own 
training material. For other courses, 
training material was supplied by the 
control manufacturer, by other com- 
panies with numerical control experi- 
ence, and by actual NC experience at 
Boeing’s operations. 

¢ Time for programming—Most de- 
tailed course is the one on planning 
and mathematical programming. Boe- 
ing describes it this way: “‘a study of 
the specific and detailed information 
necessary to plan and program a com- 
plete work cycle for a numerically 
controlled machine”. It starts with a 
description of the types of machine 
tools and their control systems. 

Next, the student learns the Boeing 
engineering drawing system, and how 
to dimension for numerical control. 
Problem exercises are solved in man- 
ual part programming using a desk 
calculator. Then the student is ready 
for the final step: programming a part 
on the computer. He learns the dif- 
ference between manual and computer 
programming and delves deeply into 
the programming functions. 

¢ Finding programmers — Probably 
one of the most difficult parts of es- 
tablishing the programming course 
was selecting qualified trainees. Lyle 
Mhyre, training supervisor, says “At 
first, selection was made by shop sup- 
ervisors who picked men they felt 
were most qualified. Although stand- 
ard tests were helpful in determining 
the level of knowledge of mainte- 
nance personnel, the quizzes turned 
out to be little help in selecting good 
operators or programmers.” 

“We came to the conclusion,” says 
Mhyre, “that any intelligent person, 
well versed in his own field, would fit 
into the numerical control program.” 

At the start, Boeing selected pro- 
grammers from the ranks of mathe- 
maticians. Now the company feels no 
such restriction is necessary. It found 
that the best programmers are persons 
with an analytical mind, able to re- 
duce elements to a common denomi- 
nator. 

A good operator of a standard ma- 
chine will make a good operator of a 
numerically controlled machine only 
if you can change his way of thinking, 
according to Boeing’s Mhyre. He says 
the problem is to convince the oper- 
ator to live with and work with the 
new control system. Says Mhyre, “He 
has to get used to the idea that the 
program runs his machine now.” 

—Ray Bloomberg 
McGraw-Hill News 





¢ 1,000,000:1 | 


¢ floating input . 
° isolated oulpul 


IN- NEW SANBORN 
)PPER AMPLIFIERS — 


INDIVIDUAL SET-UPS 


portable, self-contained unit amplifier 


The Model 350-1500: Low Level Amplifier provides extremely versatile 
measurement of low level signals through use of two interchangeable 
plug-in circuits — one for thermocouple applications, another for DC 
strain gage work (other plug-ins now in development). Floating input 
and isolated output make the 350-1500 useful when signal measurements 
are made in the presence of large ground loop voltages. The 10-1/2” high 





x 4-3/16’’ wide 350-1500 may be used individually with its own power 
supply to drive a scope, meter, optical element, etc. or as a preamplifier 
in 6- or 8-channel 350 series recording systems. 


SPECIFICATIONS 
350-1500 850-1500A 


20 uv input for 1 voit 100 uv input for 1 volt 
output, or 10 chart output, or 10 chart 
div. with Sanborn re- div. with Sanborn re- 
corder; XI to X2000 corder; Xl to X200 
attenuator attenuator 


Floating, can be grounded 
MULTI-CHANNEL 100,000 ohms 200,000 ohms 


INSTALLATIONS Flosting or grounded (independent of input) 

350 ohms 

8-unit 7” high modules for 2.5 volts across 1000 ohm load 

"850" series direct writers OC ~100 eps (3¢b) 

0.1% of full scale 

Compact Model 850-1500A Low 120 db for 60 cps and 160 db for DC with 5000 
ohms in source 


Level Preamplifiers are economi- 
2 uv peak-to-peak over a 0 to 100 cps bandwidth 


22 uv for 24 hours 

Gain Stability | +0.1% for 24 hours 

she : (specifications subject to change without notice) 
cilities where many recording 

channels are used to monitor Coomeat Secmtoorene 208 Sears oot one ae 
strain gage and thermocouple throughout the United States, Canada, and foreign countries. 
outputs. Required 440 eps chop- 

per drive voltages can be supplied SANBORN Sew COMPANY 
for up to 16 channels with the INDUSTRIAL DIVISION 

Model 850-1900 MOPA. 175 Wyman Street, Waltham 54, Mass. 
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cal, space-saving units for large 
installations such as aircraft and 
missile development and test fa- 








See it demonstrated, 
Booth 3504 at Wescon 


SIMPLIFIES COMPUTER /CONTROL CIRCUITS, 
SHARPLY BOOSTS RELIABILITY 
TDK PARAMISTOR 


amplifying logic and memory element 


This inexpensive module performs logic 
and computing functions alike. Capable 
of self-limiting amplification, it eliminates 
the need for amplifying and amplitude- 
limiting circuits. Using only passive 
components, it provides near-absolute relia- 
bility over years of operation... makes 
possible simple, all-magnetic digital com- 
puters and automatic control devices that 
are virtually maintenance-free. 


Operating on ac phase relationships rather 
than de pulses, the Paramistor uses only 
about half the power needed for compa- 
rable vacuum-tube de pulse circuitry. Para- 
metric excitation causes the unit's ferrite 
resonant circuits to oscillate in either of 
two phases, 180° opposed, providing 
bi-stable characteristics. A nonlinear react- 
ance buildup provides precise self- 
regulating amplification. 


Thoroughly proved, the Paramistor is the 
product of four years of development at 


TDK and Tokyo University, and two years | 
of successful application in Japanese | 


industry. It is the key component, for 
example, in nearly half of Japan’s digi- 
tal computers and in the electronic dial 
exchange of Nippon Telegraph and Tele- 
phone Corporation. TDK is the originator 
of the ferrite core, and has had more expe- 
rience in ferrite devices than any other 
firm in the world. 


TDK memory core matrices—So that the 
advantages of the Paramistor may be fully 
realized, TDK has created inexpensive, 
highly stable memory matrices for use 
specifically with the Paramistor. Because 
of the symmetric dual-frequency TDK prin- 
ciple, variations in individual cores can- 
not cause misoperation. Reliability is 
extremely high. 


Write for detailed technical information 
TDK ELECTRONICS CO., LTD. 
Tokyo, Japan 


U. S. Representative: 
Kanematsu New York, Inc., 150 Broadway, New York 38, N. Y., BEekman 3-2890 
Kanematsu New York, Inc., 606 S. Hill St., Los Angeles 14, Calif., MAdison 7-9857 
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WHAT‘S NEW 


Automatic Testers 
Speed Jet 
Autopilot Maintenance 


First airline automatic trouble 
shooting of aircraft autopilots 
cuts the time from an average 
of over four hours to a maxi- 
mum of 20 minutes. 


SAN FRANCISCO— 

For the first time U.S. airlines have 
started buying automatic inspection 
equipment to trouble shoot autopilots 
on the Boeing 707 jet liner. Last 
month American Airlines took deliv- 
ery of a California Technical Indus- 
tries’ Supertester Model 100 auto- 
matic circuit tester. Trans World 
Airlines and Braniff Airways have also 
ordered the devices. 

At American Airlines’ big new main- 
tenance center in Tulsa, an AA spokes- 
man said the airline expected the new 
testers to cut trouble shooting time 
from an average of over four hours to 
a maximum of twenty minutes. 

Until the testers were delivered, 
when an American Airlines pilot re- 
ported trouble with an autopilot, the 
ground crew pulled the unit out of the 
plane at the next stop, shipped it back 
to a central repair point where a 
skilled electronic technician went over 
it circuit by circuit. Armed with a 
vacuum tube voltmeter, he followed 
down a listing in a book of test specifi- 
cations, stopping to mark each circuit 
as he progressed so that he would not 
lose his place. 

If there was one erring circuit in 
the autopilot, the airlines found it 
took the technician, on the average, 
four hours to find it. If there were 
two, he would average five and one 
third hours locating both. But fre- 
quently there was no trouble at all; 
then the mechanic spent up to eight 
hours checking all the circuits. 

Using the automatic test equip- 
ment, a relatively unskilled mechanic 
will be able to check the autopilot at 
major airports—ending the shipment 
of autopilots to a central point. After 
it is connected to the autopilot, the 
unit can perform up to 400 tests in 
20 minutes. The book of test specifi- 
cations is stored in a specially wired 
adapter which programs the Super- 
tester. Each erring circuit is identified 
by the tester so that the skilled tech- 
nician can concentrate his efforts on 
repairing malfunctions. 

The equipment measures voltage, 





NEW COPE CONTROLWAY! 


FOR SIGNAL AND CONTROL CABLE DISTRIBUTION 
| : 


CUT COSTS of SupportSystems 
for Low Voltage Circuits 


@ Specially Designed for Industrial Installations 
where Intermittent Circuit Operations do not 
require cable ventilation 


@ Strong, Rigid, Galvanized Finish Construction 


@ Exclusive Cope Pin-Type Coupler Speeds and 
Simplifies Installation 


@ Saves Materials, Design Time and Labor Costs 
—on Any Size Job 


@ Provides Maintenance-Free System 


@ Straight Sections and Fittings in 9", 12” and 
18” Widths—to Meet Every System 
Layout Need 


@ Complete Line of System Components 
Delivered Promptly through Nearby 
Authorized Wholesalers 


THE MOST ECONOMICAL METHOD YET 
DEVELOPED FOR SUPPORTING LOW 
VOLTAGE SIGNAL AND CONTROL 
CIRCUITS AND INSTRUMENT TUBING 


ASK FOR PROOF! et cost saving 
details on new Cope Controlway from your 
Authorized Cope Electrical Wholesaler today. 
For illustrated brochure describing system de- 
sign features and installation advantages, 
write direct to T. J. Cope, Division of Rome 
Cable Corporation, Collegeville, Pa. 


1023 


Originators of First Integrated Line of Cable Supporting Systems 
WIREWAY « LADDER « CHANNEL « CONTROLWAY 
division of ROME CABLE CORPORATION 
COLLEGEVILLE, PENNSYLVANIA 
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FultroMatic Combines Controller, Positioner, Valve 
.--Gives Precise Control of Temperature or Pressure 


Now, this lab-tested, field-proved FultroMatic answers 
today’s precise control requirements with multiple features 
never before available in one unit .. . at about half the cost 
of two- and three-unit systems! 


Improved accuracy with smaller, faster-responding element. 
Positive valve positioning by feedback action; no overshoot. 
Adjustable proportional band easily changed on the job. 
Simplified settings with knob, indicator, arbitrary scale. 

Field reversibility: control action quickly changeable. 

Easy to install: place valve in position, mount bulb, connect air. 
Low maintenance: rugged design for trouble-free service. 


FOR COMPLETE FULTROMATIC SPECIFICATIONS, 
WRITE FOR BULLETIN PW-755 


© Kobotshaw- Fulton 


(ANN 
, CONTROLS COMPANY 
Mr. Controls 


FULTON SYLPHON DIVISION ¢« Knoxville 1, Tennessee 


CIRCLE 44 ON READER-SERVICE CARD 
44 CONTROL ENGINEERING 











| WHAT‘S NEW 


ac or dc; impedance; resistance; con- 
tinuity; leakage; gain;*or phase rela- 
tionship. CTI expects the airlines 
will use it not only to check autopilots 
but also to inspect generating control 
systems, radar, and other electronic 
packages. 

To do this, the airline needs a pro- 
grammer adapter for each type of 
autopilot and electronic equipment. 
Cost of the adapters runs from $110 
for a 120 test unit to $225 for a 400 
test unit. But the big problem for 
users of the test equipment is the 
continuous stream of minor changes 
in avionic specifications made from 
year to year. Each change requires an 
adjustment in the adapter. 

One possible answer to this prob- 
lem is a punched tape program in- 
stead of the wired adapter. For minor 
changes the tape could be repaired or 
replaced. None of the airlines has 
purchased tape-programmed  equip- 
ment yet. The main deterrent is price. 
A supertester with a punched tape 
block reader costs $10,450—much 
more than the $6,150 for a unit with 
a wired adapter. 

With automatic equipment, the 
airlines expect to chalk up major time 
savings and better utilization of skilled 
electronic technicians. Next step: de- 
signing test plugs into the electronic 
equipment so that it can be checked 
in place on the airplane. 


Big Machines on Parade 


Numerical control makes pos- 
sible a big automation pro- 
gram to make big products. 


SCHENECTADY— 

Last month, executives of top U. S. 
machine-tool companies got a close 
look at each others’ newest entries in 
the “special-machine” category. The 
occasion was an open house staged for 
the industry by G. E.’s Large Steam 
Turbine Dept., which is just winding 
up a massive modernization program. 
The latter was anything but routine in 
view of the nature of the product— 
huge, one-of-a-kind, and expensive tur- 
bines and generators. 

Numerical control was clearly the 
star of the show: it was credited by 
G. E. people with making the diff- 
cult automation job not only feasible 
but economically justified as well. 
And these words came not from the 
naturally biased Waynesboro contin- 
gent of G. E. (who built the controls), 
but from Steam Turbine’s manager 
of manufacturing, Bill Kuyper, who is 
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THOMAS A. 


omniguard systems ; 4 COAL PULVERIZER 
protect equipment, 
decrease downtime 


in generating plants 


The Edison Omniguard system keeps constant watch on critical tempera- 

tures throughout electric generating plants. Omniguard monitors such 

vital temperatures as those of bearings on the main turbine generator, 

fluid drives, coal pulverizers, main feed pumps and other vital auxiliaries. 

When overheating occurs the alarm sounds before damage occurs and a ee 
corrective action may be taken immediately. e2) 

By guarding against overheating the equipment runs at optimum efficiency, —~ 3 
lasts longer and requires less maintenance. “ 

This modern Edison system is a simple, reliable means of keeping equip- — » | | “ 
ment operating at full efficiency and protecting against emergency — 
shutdown. 

For additional information on Edison Model 310 Omniguard tempera- 

ture monitor and the wide variety of detectors available for use on all types 

of auxiliaries, pressure vessels, tanks and pipe lines, write for publi- 


ne BOILER FEED PUMP 
cation 3036C. 


Thomas A. Edison Industries 
: ne : INSTRUMENT DIVISION 
e the newest missile contro 


LAKESIDE AVENUE, WEST ORANGE, N. J. 
stems and components at 


both 2423 WESCON Show. EDISON FACTORY OFFICES ARE LOCATED IN: WASHINGTON—BALTIMORE; CHICAGO: DALLAS: DAYTON; LOS ANGELES 
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~ LABORATORY ACCURACY 
for Production Line Testing... 


Provides ratios of 3-to-] step up to 10 * step down. 
0.001 Ratio Accuracy at a 1000:1 step down; 
this is terminal linearity of 1 part in Remelelemeleler 
Easy-to-read, in-line numbers on sloping panel. 


Adaptable to a wide range of test set-ups. 


2h at Rha Sh nn st 
MODEL NO. 760 


RATIOFORMER 


Ruggedly built, the OECO Ratioformer 

provides over 300 million steps of precision 

ratio. The high input impedance, low output imped- 
ance, and extremely low phase shift make the OECO 
Ratioformer a versatile and adaptable instrument. 


See keane eee eeesesee see eee see 


MODEL NO 7500 


DEVIAFORMER 


The OECO Deviaformer gives direct readout of 
percent of deviation from specified voltage ratios. 
Used with a precision AC voltage divider such as 
the OECO Ratioformer (or other ratio standard), it 
reduces the measurement to a % answer with ex- 
treme accuracy. Transformers, synchros, resolvers, 
computers, and meters can be tested on a simple 
‘*go/no-go" basis. Under rugged production line 
testing conditions, the accuracy level is maintained 
to 0.001 %. 


Saves Time—Eliminates Calculating and Transcription Errors 


WRITE for illustrated folder. 


SBORNE electronic sales corp. 


712 S. E. Hawthorne Blvd., Portland 14, Oregon 
13105 S. Crenshaw, Hawthorne, California 


See Our Demonstration at the Wescon Show— 
Booths No. 2122-2123 
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regarded as a tough prospect by ma- 
chine-tool salesmen. 

eCard programmed slotter—On dis- 
play was a 100-ft long Simmons unit 
for machining slots in copper bars 
used in conductor-cooled generator 
rotors. Two decks of punched cards in 
two separate readers control the ma- 
chine as it performs about 250 indi- 
vidual operations including, in addi- 
tion to machining, the insertion and 
welding of plugs between the con- 
ductor bar ribs. Built almost two 
years ago, this machine was plagued 
by a series of “bugs” before it was put 
into daily use. 

Another long-program machine on 
view was a Baker Brothers Inc. tape- 
controlled drilling machine having its 
turret carriage mounted on a horizon- 
tal slide 24 ft in length. This machine 
operates on turbine rotors requiring as 
many as 2700 ventilating holes. 

Ex-Cell-O Corp’s. first attempt at 
numerical control, a machine for mill- 
ing turbine buckets, was demonstrated. 
Ex-Cell-O will supply four such ma- 
chines, all with two-axis magnetic- 
tape contouring control. 

¢TV on the job—The biggest of 
the machines featured in the open 
house was a Morton vertical boring 
machine. This machine operates on 
the inner surfaces of large turbine 
shells and incorporates a closed-circuit 
TV system to permit the operator to 
see 'the cutting tool. 


Soviet Engineers Blasted 
By Russian Paper 
MOSCOW— 

The Soviet engineer who has been 
placed on a pedestal by the Russian 
government, showered with special re- 
wards, and treated like a valued elite, 
may be in for a rude awakening. Last 
month the influential state newspaper 
Izvestia leveled a blast at research 
institutes, accused them of harbor- 
ing ineffective engineers—“Babbitts in 
Science”. Attacks in state newspapers 
are frequently forerunners of some- 
thing much worse in the Soviet scheme 
of things. 

Izvestia cited one of Russia’s pri- 
mary research institutes—Enims, the 
machine tool development organiza- 
tion—as a horrible example in the 
2,000 word vitriolic blast. 

It said educated goldbrickers, after 
earning university degrees, are ‘“‘tak- 
ing cover in the supposed complexity 
of the problems they are supposed to 
solve,” producing nothing and at the 
same time blocking advancement of 
younger, more talented men. 




















LOOK HOW EASY IT IS TO REVERSE THE ACTION 
OF A FOXBORO CONTROL VALVE! 


air-to-open...air-to-close — one valve for the job of two 


Unbolt the motor casing and rotate it 90°; rebolt and shift air 
connections — that’s all you do to reverse the operation of a 
Foxboro control valve. Takes just a few minutes — without 
touching valve body or process piping — without employing 
special tools or skills. 

Foxboro reversible motors are especially suited for needle 
valves, Saunders-type valves, and other control valves having 
non-reversible bodies. They’re also used with Foxboro Stabilflo* 


Valves — the original valves with equal percentage flow char- 
acteristics and wide 50 to 1 rangeability. 

Foxboro control valves with their quick-reversible valve motor, 
are an exclusive Foxboro development. They're perfect for pilot 
plant operations and other processes frequently “juggled.” 
Types and materials to meet any process requirement. 

Write for detailed bulletins today. The Foxboro Company, 858 


Neponset Ave., Foxboro, Mass. 
*Reg. U.S. Pat. Off, 


OXBOR 


Foxboro urges you to attend the I.S.A. Show in Chicago, Sept. 21-25 
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~ Edclitt Instruments’ Linear Motion 


E ‘configurations to meet your application 


' 


peters, built per MIL-E-5272A: 
ions, offer proven reliability. 
with mounting and connection 


* requirements, Edcliff Model 3-43 Poten- 
are designed for long opera- 


; al. life under rugged environmental 


the Complete line of Edcliff instr 
‘ments’ Linear Motion Potentiometers is 


eve end, side or bottom actuated | 
Strokes up to 15 inches. They have 





high tesolution, linearities to 0.05% and | 


' Genter or function taps. Engineered for | 
' geliable operation in high ambient tem- | 
peratures, units are produced with oneto | 
four elements, depending upon the re- 
quirements of the particular application. | 
The full product line from Edoliff ) 
Instruments also includes Pressure ” 
Potentiometers, Angle of Attack Meters, 
_ Angular Accelerometers, Linear Acceler- 


' ometers and Differential Transformer 


type Accelerometers. 
Information on price and delivery is 


" available from your local Edcliff Instru- 
_ ments representative or the factory. 


Write for Bulletin $11-WJ. 











INGTRUMENTS 


1711 SOUTH MOUNTAIN AVENUE 
MONROVIA, CALIFORNIA 


RYAN 11-5671 — ELLIOTT 8-457] 
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EUROPEAN REPORT 


Japanese high speed printer with parametron circuitry was on display. 


C'est L'affaire de Parle 


International Conference on Information Processing 
started delegates arguing over new algebraic language 
and the proper approach to translation machines. 


Paris— 

In the diplomatic atmosphere of 
the spectacular new UNESCO house 
with built-in multilanguage transla- 
tion facilities, the first International 
Conference on Information Processing 
opened like a plenipotentiary session 
of foreign ministers. And it wasn’t too 
long before the scientists and engi- 
neers were sounding like politicians, 
too. 

First a controversy boiled up over 
ALGOL, an international algebraic 
language for computer machines. It 
had been suggested that ALGOL be 
adopted as an international standard. 
Those for it pointed out that there 
would be tremendous advantages in 
using a single universal language. They 
described the good experience with it 
in Germany, the possibility of sub- 
stitution of special characters, and its 
potential use for writing other systems 
directly by means of ALGOL 
language. 

The opposition, on the other hand, 
laid down five good reasons against it. 
They warned that there was still lim- 
ited experience with such a language; 
the new language would obsolete a 
large investment in existing programs; 
it would be expensive to convert to 
the new system; a large number of 
special type characters would be re- 
quired; and there would be difficulty 
in learning a new system. ; 


The present status of ALGOL after 
the oratory died down: the language 
agreed upon will be the 1959 stand- 
ard and, subsequently, the language 
will be modified as experience dictates. 

¢ Translation battle—Attendees were 
still discussing the pros and cons of 
ALGOL when another considerable 
difference of opinion developed. Two 
schools of thought appeared on ma- 
chine translation of foreign languages. 
On one side were those who would 
concentrate study on the structure of 
language. A contingent strongly op- 
posed) advocated using computers to 
analyze the foreign material to be 
translated. 

There was no conclusion reached in 
this debate, and only time will tell 
which side was right—or most nearly 
right. For the present, the Russians 
appear to be moving from the latter 
to the former approach. American re- 
searchers seems to be moving in the 
opposite direction. 

¢ Auto-Math—Across the street from 
the spirited technical sessions, com- 
puter manufacturers from all over the 
world were showing off their wares at 
a show called Auto-Math. Standard 
Elektrik Lorenz, Stuttgart, Germany, 
for example, displayed a fully transis- 
torized machine, the ER-56. Price: 
$200,000. It features parallel opera- 
tion of all functional units. 

A “trafic pilot” controls the infor- 





NEW... 


from Skinner! 





3-way, 
high-flow, 
solenoid valves 
for general 
industrial use 


Main orifice sizes: full effec- 
tive—%”, 142”, %” for %”, 
YY", %” NPT. 


Standard operating pressures: 
5 to 150 psi. 


Media: oil, air, water, vege- 
table and petroleum oils, inert 
gases, kerosene, gasoline. 


Types: normally open, nor- 
mally closed and directional 
control in standard and explo- 
sion-proof construction. 


These new, 3-way L3 Series valves, like all Skinner 
valves, are built to UL standards. Their bodies are 
made of forged naval brass and their internal parts 
are stainless steel and brass. Soft, synthetic inserts 
and seals provide bubbletight sealing. And a unique, 
Buna-N coated nylon diaphragm assembly assures 
long life. The valves are compact, light, and mount 
in any position, directly to the line. They are offered 
in a wide range of voltages and frequencies, with 
many electrical options and manual override. 

Typical applications: air vises, chemical process 
equipment, presses, water treatment equipment, in- 
dustrial machinery, packaging machinery, air and 
hydraulic cylinders, laundry machinery, etc. 


Skinner solenoid valves are distributed nationally. 


For ae “naga contact a Skinner Representative listed in the Yellow Pages or write us at Dept. 


Qa AVL 


NER VALVES 


THE CREST OF quatity THE SKINNER ELECTRIC VALVE DIVISION « NEW BRITAIN, CONNECTICUT 
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COMAR’S SUB-MINIATURE | TYPE SM 








Less than an inch long Weighs iess than 2 oz. 


| 
| 
| 


big relay performance 


in crystal can size 


A high precision, efficient sub-miniature relay. 
Constructed to withstand severe vibration, heavy shock and 
temperature extremes. For control systems, missiles, 
computers, aircraft and similar applications requiring 
miniature size and dependable performance. 


Nominal Coil Voltage: 26.5 Volts D.C. 

Maximum Pull-In Voltage: 18 Volts D.C. 

Maximum Drop-Out Voltage: 14 Volts D.C. 

Coil Resistance: Approximately 570 Ohms. 

Contact Arrangement: 2 P. D. T. 

Contact Rating: 2 Amps. @ 28 V. D. C. Resistive (max.). 
Maximum Operate Time (N.O. Contacts): 4 Milliseconds, 
Maximum Release Time (N.C. Contacts): 3 Milliseconds. 
Maximum Contact Bounce: 1 Millisecond. 

Dielectric Strength: 1000 V. RMS, 60 Cycles (Sea Level). 
Minimum Insulation Resistance: 100 Megohms. 

Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). 
Temperature Range: — 65° to 125° C. 

Operating Shock: 50 “G" for 11 Milliseconds. 

Vibration: 20 “*G"'—5 to 2000 CPS. 

Life: 100,000 Operations (Minimum). 

Maximum Weight: .45 Oz. 

Meets MIL-R-25018 and MIL-R-5757C specifications. 








Send for Bulletin SM 


COMAR 


ELECTRIC COMPANY 
. 3349 ADDISON ST., CHICAGO 18, ILL. 
Hos 


( MfPaeiays * SOLENOIDS © COILS * SWITCHES * HERMETIC SEALING 
| 


VISIT 
BOOTH 217 
AT THE 
WESCON 
SHOW 
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mation flow from six independent fer- 
rite core memories to the arithmetic 
units, main stores, or input/output 
devices. Each memory is expandable 
in 200 or 1000-word increments to a 
maximum of 10,000 words. Instruc- 
tions to the traffic pilot set up the 
connections and initiate the control 
logic in the functional unit. 
¢ Swedish Carousel—An access time 
of 1.9 sec. for each information bloc 
on a five million decimal digit mem- 
ory is the outstanding feature of 
Europe’s first production carousel 
memory. Built by Facit of Sweden, 
the memory is part of the company’s 
EDB computer system. Its main com- 
ponent is a 17-inch diameter alloy 
wheel containing 64 independent tape 
reels, each carry 28-ft. of tape. Stor- 
age is divided into 128 blocks of 64 
words each; the tape has a capacity of 
8,192 40-bit words. Because of the 
low access time and the large capacity, 
Facit says cost per decimal digit can 
be as low as 0.5 cents. 
¢ French symmags—A French con- 
tribution to the show was the CAB 
500, a transistorized, solid state, desk- 
size machine developed by Societe 
d’Electronique et d’Automatisme. An 
unusual feature of this machine: the 
700 solid state logic units called sym- 
mags. Each one is composed of four 
ferrite cores, cross-connected via di- 
odes to provide the complements, 
products, and additions of the control 
winding inputs when the cores are 
excited by a 200 ke supply. 
Advantages claimed for the sym- 
mags are low cost—the CAB 500 cost 
about $60,000, reliability, and im- 
munity to supply frequency and am- 
plitude variations up to plus or minus 
35 percent. 
¢ Parametrons from Japan—Parame- 
tron applications were stressed in two 
Japanese designs. One was the Hipac 
101 computer manufactured by the 
Hitachi Co. The other was a new 
printer that operates at a speed of 600 
characters per sec—displayed by the 
Oki Electrical Industry Ltd. The 
printer uses an endless type belt actu- 
ated by 120 transistor-driven ham- 
mers, one for each line character. 
Another Japanese firm, the Nippon 
Electronic Electric Company, dis- 
played computers in which transistor 
circuitry replaced parametrons. The 
new machines, the NEAC 2201 and 
the NEAC 2203, succeed the NEAC 
1103, a stored program, parallel oper- 
ation computer. 
—Ascher Opler 
Computer Usage Co. 
—Derek Barlow 
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FIRST DIGITAL 
VOLTMETER 


WITH THE FACTUAL 
IFT 


IGURE 














The All-Transistorized NLS V-35 


Here for the first time is a true five-digit voltmeter with a factual 
fifth figure. Increased accuracy of full five-digit resolution — 
0.001% — results from the new mathematically perfect logic of 


the NLS V-35. 


Other five-digit digital voltmeters require “desensitizing” to 

prevent oscillation of the least significant digit. This results in 

a resolution error of three to nine digits in the upper portions 

1234567 8 9 10 of each range as graphically displayed in the chart to the left. 

MEASURED VOLTAGE This comparison clearly shows the increased accuracy of the 

en uke beasee oe mid - NLS V-35, made possible by full five-digit resolution. 


NLS 'V-S5 with the factual AAs Fewre: In new logic . . . in all-transistorized circuitry, including logic 


... in new simplified design with plug-in circuit boards, plug-in 
oil-bathed stepping switches, and snap-in readout . . . the NLS 
V-35 leads its field. Write today for complete information. 


NLS V-35 Specifications 


Measures Voltage from +0.0001 to +999.99, Ratio from 
+,.00001 to +.99999 ... 10 Megohm Input Impedance . . . 0.01% 
Accuracy .. . Automatic Selection of Range and Polarity .. . 
And Measures Three Times Faster Than Any Other Stepping 
Switch Instrument. 








Originators of the Digital Voltmeter 


non-linear systems, inc. 


DEL MAR (San Diego), California 


NLS — The Digital Voltmeter That Works . .. And Works... And Works! 
Compact, plug-in design of the NLS V-35 WESCON BOOTH NO. 1416 
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MODEL 22-8 TORQUE MOTOR 
WEIGHT 244 OUNCES 
patent applied for 
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HIGH TEMPERATURE 
RADIATION RESISTANT 
TORQUE MOTORS 


The new high temperature construc- 
tion is available in four sizes of torque 
motors. The all-welded construction 
assures dependable performance un- 
der adverse conditions of vibration, 
shock and environmental temperatures 
to 800° F. 


The design is simple and rugged. All 
motors must pass rigid acceptance 
tests, and a certified calibration curve 
is supplied with each motor. Atchley 
motors are offered in four sizes, with 
maximum force outputs from 1.5 to 
13 pounds. 


For more information, write for data 
file CE-814-2. 


Raymond fHtchley, Inc. 
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AROUND THE BUSINESS LOOP 


New Life 


at 
Panellit 


AL SPERRY: A fortunate visit to a British associate. 


A new subsidiary, and a new British computer have 


enlivened this midwest control maker. 


Here’s how one com- 


pany dropped its own research to take advantage of 


something better from abroad. 


SKOKIE, ILL.— 
After five hectic years and an ex- 
penditure of about $2,450,000, Panel- 
lit, Inc., has plunged full tilt into 
computing-control through a newly- 
organized systems outlet. 

Official debut will be made late this 
year when Panellit’s fledgling subsidi- 
ary, Information Systems, Inc., delivers 
its first 609 information and comput- 
ing system to Gulf States Power Co.’s 
Nelson Station at Lake Charles, La. 
Sometime next year, two more 609’s 
will be delivered to the E. I. du Pont 
de Nemours & Co. chemical process- 
ing pon at Beaumont, Tex. 

These are the only three firm orders 
Information Systems has received thus 
far, but Albert F. Sperry, Panellit 
president, and also head of ISI, isn’t 
complaining. The company has issued 
orders for production of six more units 
not committed to any customers. 
Sperry hopes to sell $2- to $24 million 
of the systems next year. 

¢End a drain—At the same time, 
creation of the new subsidiary will put 
an end to the financial drain on Panel- 
lit brought about by development 
costs of the 609. Sperry figures 
Panellit, which lost $406,394 in 1958, 
will be firmly in the black this year. 

It wasn’t easy for Panellit to take 
the big step into computing control. 
The company was established in the 
graphic panel and annunciator fields 
through its Panellit and Panalarm divi- 
sions, and in data-logging through its 


Panascan Div. But to get into more 
sophisticated control, it had to find 
the right computer. 

eComputer search—Thus, begin- 
ning in 1954, Panascan division began 
research and development leading up 
to such a system. The company’s en- 
gineers ultimately worked up a proto- 
type computer using a Ramey core 
unit. Sperry quite frankly admits that 
a goodly share of the $2,450,000 spent 
developing Information Systems to its 
present state went into this project, 
which was called the 608. 

Then the unexpected happened. 
About two years ago, Sperry stopped 
in at Elliott Brothers, Ltd. of London, 
the British company with which 
Panellit already is affiliated through 
Panellit, Ltd. This organization, a 
wholly-owned subsidiary of Elliott 
Brothers, has the rights to everything 
Panellit builds in all Commonwealth 
countries except Canada, under a 
royalty agreement. 

“I saw a prototype of a computer 
they were working on, which would 
do fifty things ours wouldn’t do and 
was cheaper,” says Sperry. Returning 
to this country, Sperry sent two com- 
puter specialists to see the Elliott 
unit, an all-solid state computer. 
When they came back with glowing 
reports, Panellit dropped work on its 
own computer. (One result: the direc- 
tor of research left.) 

¢ The Elliott 803—Sperry then went 
back to England to arrange for exclu- 





Select the range 
for your 
requirements 


.-.- with these 


instruments 


» = get the advantages of ElectroniK 
accuracy and dependability in these special 
instruments . . . plus design ruggedness proved 
by around-the-clock service in industrial 
applications. They measure and record or 
indicate . . . quickly, precisely, conveniently. 
You'll find them particularly valuable in 
laboratory or test cell work where clear-cut 
evaluation and high resolution are needed. 


Your nearby Honeywell field engineer will be - 
glad to help you select and apply these and 
other ElectroniK instruments for research. Call 
him today . . . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 
H) Fit Catal 
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ElectroniK FUNCTION PLOTTER—Automatically and continuously plots 
a curve which shows the relationship of one variable to another. 
Typical uses: speed versus torque, stress versus strain, plate voltage 
versus plate current, and many other variable relationships. Write for 
Instrumentation Data Sheet 10.0-5b. 
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ElectroniK EXTENDED RANGE RECORDER—Simplifies measurement 
of any linear variable whose values change over a wide range. 
Particularly suitable to the measurement of forces in conjunction with 
@ strain gage bridge. Typical application: Projectile stress testing in 
wind tunnels. Write for Instrumentation Data Sheet 10.0-18. 
¢ hy ; . cade | 
. ' : 


| 
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ElectroniK EXTENDED RANGE INDICATOR—Incorporates extended 
scale and automatic range changing, serves in same ‘applications as 
Extended Range Recorder. Resolution greater than one part in 
five thousand can be obtained, with use of a linear scale. As many as 
10 ranges available. Write for Instrumentation Data Sheet 10.0-3. 


-- 


. — - 4a = 
ElectroniK ADJUSTABLE SPAN RECORDER—Measures spans and 
magnitudes of a variety of emf's. Instrument calibration can be in 
terms of any variable reducible to d-c voltage. Can be used with 
thermocouples, steam gages, tachometers, and other transducers. 
Write for instrumentation Data Sheet 10.0-10a. 





check your 
process instruments 
on stream with 


TRANSMITTER 


sensitive to pressure 
changes as small as 
0.01% of full scale 


Accuracy: 0.1% of 


full range 
A-755 with 


cover removed 
26 pounds Standard range: — 1 to 24 
BY" x 13%” x 19%" p.s.i. other ranges available 


For complete information, write to Dept. A-124.28 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, GELLEVILLE 9,NEW JERSEY 
IN CANADA! WALLACE & TIERNAN LTD.,WARDEN AVE., TORONTO 13, ONT. 
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WATER ISN'T CHEAP ENOUGH 10 WASTE 


W&T controlled chlorination saves water and 
lowers treatment costs. You get maximum 
water value and use... even reuse. 





Write for details on the new V-notch chlorinators: 
address Dept. S-137.28 


WALLACE & TIERNAN INCORPORATED 








25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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... the computer can change 
programs “in flight” . . . 


sive rights to market the Elliott com- 
puter in the U.S. as part of the 609 
system. The Elliott computer, then 
called the 802 and now called the 803, 
is being sold alone in England as 
a general-purpose machine. Some 
changes were made to make it fit in 
with the 609 system. 

The Elliott computer incorporates 
4,096 words of 40 bits each. But it 
can be expanded to 8,192 words, giv- 
ing an ultimate capacity of more than 
320,000 bits. Any number of outputs 
can be controlled in excess of 1,000 if 
required and such outputs can be 
added to the machine after it is in- 
stalled in the field without any change 
in the basic machine itself. 

¢The big feature—The computer, 
says Sperry, is unusual in that it not 
only can compute simultaneously with 
scanning and processing, but also the 
programming can be changed “in 
flight”, while the computer cycle is in 
progress. A b-line bit in every instruc- 
tion word automatically modifies the 
program internally. 

As of January, 1960, Panellit will 
make the Elliott computer available in 
this country as a scientific or general- 
purpose computer. This step is being 
taken as the result of a number of 
inquiries, according to Sperry. 

Sperry doesn’t claim the 609 sys- 
tems sold thus far will be used for 
closed-loop control, although they 
have the capacity for this. Neverthe- 
less, it is expected that the buyers will 
experiment with small closed loops. 

The average 609 system with acces- 
sory inputs and outputs will sell for 
between $150,000 and $250,000. 

Sperry said Panellit is obtaining 
from Elliott a magnetic film storage 
unit with a capacity of 250,000 words 
and a high-speed card reader. They 
will be shown at the ISA show in 
Chicago this September. This marks 
a step in the direction of business ma- 
chine use, even though they won’t be 
marketed as such. 

The agreement with the British 
firm did not provide for any exchange 
of stock between the two companies. 
Financing was another problem. 

¢Changes in siock—The venture 
into computing control wrought some 
noticeable changes at Panellit. Fore- 
most of these was creation of Infor- 
mation Systems, Inc., as of March 10 
of this year. ISI received the assets 
of the Panascan Div. in return for 
140,000 shares of the new company’s 
$1 par value stock (plus $2,601). ISI 








ASCO SOLENOID VALVES ARE ENGINEERED 
TO MISSILE GROUND SUPPORT REQUIREMENTS 





a 


Tight Shut-Off at Pressures to 3000 PSI, 
Temperatures to Minus 350°F. 


ASCO now brings you a family of solenoid valves, specially 
designed for missile applications with tough environmental or 
operational requirements. Two, three and four way valves are 
available with standard, explosion-proof or watertight sole- 
noids; sizes range from %” through 2'4”. Fluids handled in- 
clude air, liquid oxygen, helium and nitrogen (liquid and 
gaseous). Valves can be supplied with continuous duty coil 
windings for 24 volts D-C, and for any other commercial volt- 
ages required. All types are packless (hermetically sealed), 
providing tight shut-off, with no external leakage to atmosphere. 


Two Way Valves... normally open or normally closed, easily 
handle fluids at pressures to 3000 psi, temperatures to -350° F. 
Valves are stainless steel with teflon discs; most sizes are avail- 
able with AN connections (Main Illustration-Balletin 8223X). 


Three and Four Way Valves .. . are suitable for piloting 
cylinder operated valves. Three way valves are also utilized 
for controlling single acting cylinders, and diaphragms; four 
way valves are used for controlling double acting cylinders. 
Unique poppet type seats and discs assure tight seating at 
pressures to 750 psi, temperatures to -65° F. Valve shown below 
(Bulletin 8344X) is suitable for 4 way applications, or may be 
used for 3 way installations by plugging one cylinder connection. 


Proposals are submitted upon receipt 
of specifications—or an ASCO Engineer 
can help you in solving your ground 
support valving problems. 

For additional information on ASCO 
Solenoid Valves for Missiles, write for 
Publication V5056. 


Automatic Switch Co. 


50-G Hanover Road, Florham Park, New Jersey * FRontier 7-4600 
AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES * ELECTROMAGNETIC CONTROL 
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Pressure Potentiometers for... 


HIGH TEMPERATURES 
and CORROSIVE FLUIDS 


Type P103 
Pressure Potentiometer 
shown % size 


New Trans-Sonics* Pressure Potentiometers, Type 
P103, measure pressures of corrosive fluids such as 
red fuming nitric acid (RFNA) and unsymmetrical 
dymethylhydrazine (UDMH) for telemetry and con- 
trol applications at ambient temperatures up to 600F. 


Corrosive fluids are contained by a welded Inconel-X 
bellows which actuates a dynamically balanced mech- 
anism. This mechanism is hermetically sealed in a 
Stainless steel case for protection against corrosion 
and other environmental hazards. 


Accurate and reliable performance has been proven 
under the following conditions typical of missile en- 
vironments: Random Gaussian Vibration 0.1g?/cps, 
15 to 2,000 cps; Acceleration 75g; Shock 75g. 


Flexibility of installation is assured by small size and 
light weight. Dimensions are 17%” diameter by 17%” 
long. Weight is only 6 ounces, Standard ranges are 
0-100 and 0-150 psia . . . other ranges to special 
order. Write for Technical Bulletin P103 to 
Trans-Sonics, Inc., Dept. 11, Burlington, Mass. 


* TRADEMARK 
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| WHAT’S NEW 


. .. new financing and a re- 
shuffling of executives .. . 


will be divided into a system group 
and a_ data-processing (computer) 
group. It will engineer assemble, and 
sell 609’s, with all components—ex- . 
cept the computer, which will be pro- 
vided by Elliott—being provided by the 
parent company. 

To finance its new _ subsidiary, 
Panellit has offered its shareholders 
rights to subscribe to about 170,000 
shares of the company’s new stock, at 
the rate of one share for each three 
common shares of Panellit held. Price 
is $3.50 per share. On this basis, the 
company would take in $595,000, if 
all rights were exercised by the dead- 
line date in July. 

Sperry expects most shareholders to 
exercise their rights. Panellit directors 
alone will bring in $236,625 by exer- 
cising their rights. 

In order to furnish ISI with work- 
ing capital before the stock offering, 
Sperry and his brother, Leonard M. 
Sperry, loaned the new company 
$100,000, represented by unsecured 
5 per cent notes, payable by Sept. 1. 

Directors and executive officers of 
ISI are also directors and officers of 
Panellit. Albert Sperry, as president, 
is to devote not less than two-thirds 
of his time to the new company, un- 
der terms outlined in the stock pro- 
spectus. Sperry says it will be more 
likely 90 per cent. 

¢ Reorganization — Warren John- 
ston, who formerly was head of the 
old Systems Div. at Panellit, heads 
up the new ISI organization and is 
the No. 1 man in sales and applica- 
tion. Two key men under him will be 
Gilbert Daniels, formerly director of 
research, who becomes chief of com- 
puter development; and O. A. Aker- 
lund, formerly chief of engineering 
for Panascan, now in charge of ISI 
engineering. 

In addition to Panascan and Sys- 
tems moving into the new organiza- 
tion, there were other changes at 
Panellit. Panellit Service, which does 
contract work and maintenance, went 
through a management shakeup that 
resulted in the departure of Neil Blair, 
its chief, several months ago (he went 
to Intellects, an IT&T subsidiary). 
Panellit Service now reports to Marvin 
Lorig, who heads the Panellit Div., 
too. Lorig in turn has been relieved of 
all production responsibility. Howard 
Hudson, Panalarm head, will super- 
vise production for all divisions. 

Broadly speaking, under the new 
arrangement, ISI is responsible for 
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REASONS WHY WHITTAKER GYRO IS FIRST IN ADVANCED CAPABILITIES 


WHITTAKER GYRO 
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BARBER 
COLMAN 


d-c emall motors 





TYPE FYLM 


14” DIAMETER 


PERMANENT 


MAGNET 
MOTORS 


@ Three standard frame lengths 


@ Constant brush pressure over 
entire motor life 

@ Large, rugged bearings 

@ Very low ripple — 
14-bar commutator and 
14-coil armature 

@ Standard or special mountings 
for interchangeability with 
other motors 


@ Radio noise filters, gear- 
heads and other special 
features available , 


This popular sized motor can be 
supplied in voltages from 6V d-c 
to 115V d-c. Normal ambient 
temperature range —65° to 200°F 
(can be designed for —100°F or 
400°F). Rated output, 10 mhp 
continuous to 35 mhp intermittent. 
Rated torque, .05 Ib-in. to .16 Ib-in. 
Weight, .26 lb to .43 lb. If you have 
a new or replacement motor ap- 
plication, contact Barber-Colman. 





THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industrial 
equipment. and aircraft control applications. Out- 
put up to 1/10 hp ... . permanent magnet and split 
series types . . . various mountings and speeds. . . 
also available with gearheads or blowers. Tach 
Generators for accurate speed indication and 
servo rate control applications. Low-cost battery- 
operated motors. Resonant Relays characterized 
by low operating power, narrow band width. 
Ultra-Sensitive Polarized Relays operating on input 
powers as low as 40 micro-watts. 400 Cycle A-C 
Motors for aircraft and missile applications. 


TECHNICAL BULLETIN SERVICE 
on all Barber-Colman electrical 
components. Detailed specifica- 
tions, performance data, circuitry 
drawings. Write for bulletins on 
any or all products. 
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BARBER-COLMAN COMPANY 
Dept. T, 1848 Rock Street, Rockford, Illinois 

Electrical Components * Small Motors * Automatic Controls * Industrial Instruments 

Aircraft Controls e Air Distribution Products ° Overdoors and Operators 

Molded Products ~* Metal Cutting Tools * Machine Tools” * Textile Machinery 
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WHAT‘’S NEW 





systems, Panalarm for production, and 
Panellit and Service for contracting. 
¢Cutting the pie—Panalarm, the 
“bread and butter” division at Panel- 
lit, accounts for about one-third of the 
company’s business, according to 
Sperry. The Panellit Div. accounts 
for approximately another third, while 
the Panascan and Services divisions 
account for about one-sixth each. 
Sperry does not expect ISI to make 
a profit in its first year, although he 
is hopeful that it will in 1960. As for 
the parent company, he expects it to 
do “fair” business in 1959. Failure of 
the chemical and petroleum industries 
to resume building following the re- 
cession has hurt, Sperry admits. ‘The 
power industry has helped take up the 
slack—it now accounts for almost two- 
thirds of Panellit’s billings. 
—Stewart Ramsey 
McGraw-Hill News 


Tl Opens Flight Test Center 


Texas Instruments, Inc., has set up 
an avionics flight test center at Addi- 
son Airport in North Dallas to test 
airborne electronic systems. First use 
of the new facility will be for in-flight 
tests of high resolution reconnaisance 
radars being built by TI for the U.S. 
Air Force and the Army Signal Corps. 


Epsco Launches 
New Subsidiary 


Epsco Inc., data processing and 
telemetry manufacturer, has opened 
a subsidiary in Philadelphia. To be 
called Monitor Systems, Inc., the new 
organization will engineer and pro- 
duce high speed electronic monitoring 
and automatic checkout systems. 
Harry M. Rosen has been appointed 
general manager of the new firm. 
He formerly was manager, data proc- 
essing and computation in General 
Electric’s missile & Space Vehicle 
Dept. in Philadelphia. 


WCEMA Becomes WEMA 


West Coast Electronic Manufac- 
turers Association has officially changed 
its name to Western Electronic Manu- 
facturers Association. The change 
was prompted by the expansion of 
memberships into Arizona, Utah, Col- 
orado,. New Mexico, and Texas. 


Ford Merges Aeroneutronics 


Aeroneutronic Systems, Inc., was 
merged with the Ford Motor Co., on 
July 1, 1959. More than 90 percent 





of the outstanding stock of ASI was 
already owned by Ford at the time of 
the merger. ASI’s operations will be 
carried on by Aeroneutronic, a divi- 
sion of Ford. Gerald J. Lynch, for- 
merly president of ASI, became gen- 
eral manager of the new division, was 
promoted to vice president. 

Since it was founded in 1956, Aero- 
neutronics Systems, Inc. has expanded 
rapidly, recently won a $23 million 
contract to build the Army’s Shillelagh 
surface-to-surface missile. It moved 
from 132nd place to 48th place among 
the top 500 Department of Defense 
contractors in net value of prime 
research and development contracts. 

But plans for the new division are 
even more impressive. According to 
insiders, Ford has programmed the 
division to reach annual sales of $125 
million by 1965. It will hire 1,000 
more engineers by 1963. 

At the time of the merger, ASI was 
divided into four groups to concen- 
trate on specific areas of technology: 
a computer group located at Santa 
Ana, Calif., a space technology group 
at Newport Beach, a missile range 
instrumentation group at Glendale, 
and a tactical weapon group just being 
formed. Later this year, all groups 
will be consolidated at a new facility 
in Newport Beach, Calif. 


Other Acquisitions 
and Mergers 


Hewlett-Packard Company will 
merge with Dymec Inc., will acquire 
Palo Alto Engineering Co. The merger 
with Dymec, whose stockholders are 
primarily employees of Hewlett Pack- 
ard and Dymec, calls for an ex- 
change of HP stock for Dymec shares. 
Similarly, the acquisition of Palo 
Alto Engineering involves a transfer 
of Hewlett-Packard stock. Dymec, 
founded in 1956, designs and manu- 
factures instrumentation systems, has 
a current annual sales rate of over $3 
million. PAECO, started in 1951 by 
a group of Hewlett-Packard executives, 
manufactures a broad range of trans- 
formers, reached $1.5 million in sales 
last year. 

American Machine & Foundry Co. 
has merged its subsidiary Potter & 
Brumfield, Inc., into the company as 
a division. The relay manufacturer 
will operate as the Potter & Brumfield 
Div. of the company. 

Systron Corp., electronic instru- 
ment maker, has purchased San Jose 
Scientific Co., whose strip chart re- 
corders and digital voltmeters will be 
incorporated into the Systron line. 
All of San Jose’s products will be mar- 
keted under the Systron name, will 
be made in Systron’s Concord (Calif.) 
plant. 

(Continued on page 144) 





a-c gmall motore 


BARBER 





low cost..rugged 
and accurate... 


a-c 
tachometer 
generators 


Here’s a design tip that can save 
you money with no compromise in 
product quality! Barber-Colman 
reversible motors perform efficient- 
ly as dependable a-c tachometer or 
rate generators. Voltage is nearly 
linear in the range of 1000 to 3000 
rpm and is usable beyond these 
speeds with but slight additional 
loss of linearity. Generated voltage 
is of the order of two volts per 
thousand rpm and can be increased 
to the order of 10 volts per thou- 
sand rpm with shading coils of 
higher impedance. Write for Bul- 
letin F-9256 with performance 
curves. 








low cost...reversible 
servo motors 


Compact, powerful . . . for servo- 
mechanisms, remote switching and 
positioning devices, recording in- 
struments, voltage regulators. 
Adaptable to a variety of control 
circuits (including control from 
vacuum tube and transistor ampli- 
fiers) for power requirements up 
to 1/25 hp. Write for Catalog R1. 








low cost...unidirectional 
blower motors 


High-quality, precision-made 
motors that give long, trouble-free 
service for driving blowers and 
fans. Low noise level . . . long-life 
alignable bearings . . . large oil 
reservoirs .. . high starting torque. 
Ratings up to 1/20 hp. Write for 
Catalog U1. 





BARBER-COLMAN COMPANY 
Dept. T, 1248 Rock Street, Rockford, Illinois 
Small Motors °® Automatic Controls °* Industrial Instruments °* 


Electrical Components ° Air Distribution Products * | Overdoors and Operators 
Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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Aircraft Controls 





There’s a certain feel and appearance that goes 
hand-in-hand with quality and reliability. This is 
nowhere more evident than when you pull out the 
pre-patch panel in the PACE 231-R Computer. Feel 
the solid construction of the panel itself — notice the 
thousands of contacts in the patch bay, all plated 
with 24 carat gold. This reflects the quality built 
You can see and feel into every part of the PACE Computer. 


e Solid aluminum pre-patch panel is light and easy to 


the quality in EAI’s handle. Its 3450 holes are precision drilled to .001 of an 


inch. It will not warp, bend or crack. 
e The rack and console are of welded, heavy gage steel con- 
Fe ye C. = struction for added protection to precision components. 
e 3450 contacts in the patch bay are plated with 24 carat 
gold. This provides unusually good electrical contact... 


analog computer important for accuracy at low voltages and currents. 


e Contacts are isolated from each other by cells to shield 
against pick-up and cross talk. 


ra " s ¥ 5 - > > te | * 
08 A A A A IES RO wet 
s ‘ ws Ww SS OMS (CS Slee S 


a 
. 


. ; = 


. 
vo] 
u 
” 
* 
» 
» 
. 
* 
= 
x 
tT] 


Contacts in patch bay are plated with 24 carat gold 


for maximum accuracy at low voltages and currents. e Coaxial leads and individually shielded amplifiers 


are part of a complete shielding system that extends 
throughout the computer. 
e Bus bar power distribution provides an added measure 
of reliability and simplifies inspection and maintenance. 
e Over 100 inspectors are engaged full-time in checking 
quality and performance of parts, circuits and systems. 
e Components and sub-assemblies must pass seven 
separate tests—one test requiring 4 to 6 weeks to complete. 


Outstanding career opportunities for engineers 
with proven ability —résumés invited. 


EA ELECTRONIC ASSOCIATES, INCORPORATED 


Long Branch, New Jersey 
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Instrument Export Booms: 


But for How Long? 


Export of U.S. instrumentation and control devices is well ahead of 
last year, one of the few categories of U.S. goods in that position. Ex- 
port of most other goods is slipping, a continuation of a trend which 
started last year. In 1958, while exports of U.S. precision instruments 
increased almost 10 percent to $231 million, U.S. total exports slumped 
$3 billion from the 1957 record high of $19 billion. The big question 
is how long will instrumentation and control continue on the increasing 
side. Will they too succumb to what ails other U.S. products? 


Here are some typical reports of how exports of instrumentation and Instrument rise 
control devices have fared in the first four months of 1959: 

¢ Industrial indicating and recording instruments and parts: $15.5 
million, just above the amount exported for four months in 1958 (12- 
month exports in 1958 totaled $16 million). 

¢ Indicating, measuring, recording, and controlling instruments and 
parts: $6.3 million (12-month exports in 1958 were $16 million). 

¢ Electronic computers and related information processing machines 
and accessories: $6.5 million (far ahead of last year’s rate in which 12- 
month exports were only $15 million). 

¢ Physical properties testing and inspecting machines and parts: $4.2 
million (12-month exports in 1958 were $13 million). 

¢ Electronic industrial process control systems: $243,000 (over half 
of the 12-months exports in 1958, $432,000). 


Compare these healthy gains with what has been happening to other Other products 
types of products. In 1958, these skids were recorded: fall 
¢ Automobile exports fell by $57 million, down 19 percent from the 
1957 total of over $300 million. For the first four months of 1959, 
auto exports (new and used) were $93 million—slightly above last year’s 
rate but still well below 1957. 
¢ Exports of construction machinery dropped $200 million below 
the total of 1957. 
¢ Exports of petroleum products, which had soared to record levels 
in 1957 because of the Suez crisis, dropped from almost $1 billion in 
1957 to $560 million last year. For the first four months of this year, 
exports totaled $161 million, portending another sizeable drop in 1959. 
¢ Tractor sales dropped $50 million in "58, a serious blow to tractor 
makers who have sold as much as half their output abroad. 
* Sales of U. S. trucks and buses in export markets were hit worse 
than auto sales: they were off 32 percent, $140 million. Exports for 
the first four months of 1959 were only $113 million, indicating another 
slide is underway. 


Strangely, the reason most often given for the slump is the same one 
offered to explain the increase in exports of instrumentation and con- 
trol devices. That is the economic resurgence of Western Europe, and 
world trade in general. European countries, particularly, have been 
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NOW — 
OPECIFY 
Tl GLASS 
DIODES 
MEETING 
AIR FORCE 


Guarantee 400 ma DC atl v 


r 


TI AF1N645, AF1N647, AF1N648 and 
AFIN649 diffused-silicon glass diodes 
now meet MIL-E-1/1143... giving you 
400 ma DC at 1 v... 225 to 600 v PIV 

. operation from —65 to 150°C and 
600 mw Masijation. The inherently low junction 
temperature of these TI glass diodes provides a new 
high in reliability by combining the lowest forward- 
voltage drop with high power dissipation package. 


ACTUAL set 


maximum ratings 
AF1N645 





CY oT -Teihitet-\ilelat-) AF1N645 


from THE WORLD'S LARGEST SEMICONDUCTOR PLANT 


AFIiN647 AFIN648 AFIN6G49 


AFIN647 









In commercial production for more than two years, 
the 1N645 series is available in production quantities 
to meet all your requirements. 


Simplify your procurement and stocking problems 
by standardizing on the TI 1N645 series... truly 
general-purpose high-reliability diodes. Contact your 
nearest TI Sales Office for fast delivery of produc- 


tion quantities. 









AFIN648 AFIN649 


INCORPORATED 


SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 312 


5\ TEXAS INSTRUMENTS 


13500 N. CENTRAL EXPRESSWAY 
OALLAS, TEXAS 








building modern factories and have been buying the last word in auto- 
matic devices from U.S. control makers to turn out goods that compete 
with U.S. made goods. And there is some indication that these 
factories are being kept up to date by additions of new instrumentation 
and control as it comes available. 

Because the U.S. continues to lead the field in new instrument and 
control developments, American control makers are holding on to their 
export market, watching their total exports grow as world trade increases. 

But these modern foreign factories are taking over large shares of 
international markets in othet fields. There is no question that most 
foreign manufacturers have a big cost advantage over their American 
counterparts. This is particularly true in Western Europe where the 
modern equipment which has been installed is as good as—or even bet- 
ter than—that used in this country. 


According to a recent study conducted by the National Industrial 
Conference Board, unit costs of production in Great Britain often run 
only 85 percent of unit costs in the U.S. to make the same product. 
Lower wage rates and lower overhead costs more than offset higher costs 
of materials, save more than 12 cents on each production dollar in 
English factories. 

Because of the labor cost advantage of foreign producers they can 
turn out goods requiring considerable processing by skilled labor at a 
lower total cost. This advantage is likely to be strongest in heavy manu- 
facturing industries such as machinery and least in process industries 
like chemical and petroleum which use relatively small labor forces. 

To take advantage of these lower costs, many U.S. instrument makers 
have built plants in European countries. Sales from these installations 
are not included in U.S. export figures. 

The European Common Market (CtE, July ’59, p. 75) looms as 
another threat to U.S. exports. ‘The answer here has been to build plants 
inside the European Economic Community or face a stiff tariff barrier. 


How long U.S. instrumentation and control makers can hold the rest 
of their export business would seem to depend on two factors, their 
ability 1) to continue to come up with new improved instrument and 
control designs that are unobtainable from other countries and 2) to 
keep their plants modern so that their manufacturing costs can compete 
with those of foreign makers who use less modern equipment but 
cheaper labor. It means keeping R&D programs in high gear and 
watching for opportunities to install higher productivity equipment. 

One optimistic note was sounded in mid-July by State Department 
Undersecretary C. Douglas Dillon, speaking before a world marketing 
conference. He predicted that U.S. exports would rise $1 billion in 
the next twelve months. To back the rise, he was counting on increased 
shipments of cotton and commercial jet aircraft. 

The answer to the problem for manufacturers of products already 
feeling the pinch of world competition may well be the same as that 
practiced by control makers: increased R&D and plant modernization. 
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abroad 


Two key 
factors 





NEW FROM PHILCO 


PULSE RATE 
SWITCHES 


2N1199 


2N 1267 
2N1268 
2N1269 


2N1270 
2N1271 
2N1272 


Maximum V.b—20 V 





Typical Power a i 
Gain 53 pr! 
tr 35 mysec 
112-60 (DC) ts 10 musec jf 
te 25 mysec 
6-18 


Times 
(Saturated 
Test Circuits) 


Ome 
AMPLIFIERS 


Maximum temperature— 150° C 
Maximum dissipation—100 MW 


2N1199 


This high speed switch has exceptionally low saturation 
voltage (typically 0.125 V), permitting practical design of 
5 mc pulse circuits, using conventional saturated switch- 
ing configurations. 30 mc pulse rates are obtainable in 
practical circuits using non-saturating techniques. 


2N1267-68-69 


The high gain characteristics of these units make possible 
the design of high efficiency IF amplifier circuits for com- 
munications equipment. These devices have unusually 
low collector capacitance . . . typically 1.5 wyf ... and 
are available with restricted beta ranges to simplify 
design problems. 


PHILCO 


LANSDALE TUBE COMPANY DIVISION 


LANSDALE, PENNSYLVANIA 





2N1270-7 1-72 

The excellent high frequency response of these transistors 
makes practical the design of high performance communi- 
cations systems at frequencies up to 60 mc. They have the 
same low collector capacitance and are available with 
restricted beta ranges. 


Immediately available for prototype design from 
your Philco Industrial Semiconductor Distributor. 


Write Dept. CE-859, Lansdale Tube Company, 
Division of Philco Corporation, Lansdale, Pa. 


*SADT . . . Trademark Philco Corp. for Surface Alloy Diffused-base Transistor. 
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GUEST EDITORIAL 

The assembly in Chicago next month of International Federation of 
Automatic Control delegates (IFAC) will emphasize the fact that 
control engineering recognizes no international boundaries. As the 
event approaches, American engineers may well be interested in the 
ee for the U. S. in continued active participation in IFAC. We 
ave asked Harold Chestnut, first president of IFAC, and control 
systems engineer, General Engineering Lab., General Electric Co., to 
explain the possible benefits, Ed. 


IFAC is a Two-Way Street 


IFAC provides an opportunity for information 
to flow to, as well as from, America. U.S. control 
knowledge and control equipment have had a 
broad acceptance throughout the world and it 
is important that this influence continue to be 
felt. Other countries are well aware of what is 
taking place technically in the U.S. IFAC will 
help Americans interested in control to learn of 
the new ideas and new developments being gen- 
erated elsewhere in the world before they have 
become accomplished facts. 

Control ideas and know-how, basic ingredients 
for increased production, can be readily trans- 
mitted through IFAC technical committees and 
international congresses such as that to be held in 
Moscow in 1960. To the extent that the U.S. 
recognizes its opportunity to be of service to less 
developed countries of the world, it can influence 
them to adopt standards and equipment similar 
to those employed in America. Although the im- 
mediate gain appears to be with the countries 
learning of the U.S. technical advances, the good 
will and technical acceptance of U.S. methods in 
the long run may represent the more valuable 
benefit to American control people. 

Discussions of these points will not arise in the 
IFAC assembly in Chicago, for it will be a busi- 


ness meeting to elect officers and to hear reports 
of the progress that IFAC has made since it was 
founded two years ago in Paris. Presentation of 
technical papers by IFAC representatives at ISA 
sessions following the assembly should demon- 
strate, by example, the immediate gains we can 
expect. Eight speakers from Japan, Germany, 
Sweden, U.S.S.R., England, Czechoslovakia, and 
France will report on facets of instrumentation 
and control that the special nature of industrial 
problems in their countries have required them to 
study. 

No one country has a monopoly on technology. 
Because of different interests and backgrounds 
we see such islands cropping up: organic models 
of learning machines in Great Britain, pneumatic 
logic systems in Russia, unusual numerical con- 
trol applications in Japan. And even though a 
country may have only one or two control special- 
ists, it is still possible for the few to pursue effec- 
tively a unique corner of the technology. 

So IFAC is a two-way street. U.S. control 
engineers will give, but they will also receive 
technical information and ideas. And for those 
concerned with marketing, such an interchange 
of ideas can lead to increased trade, new products, 
and even new industries. 
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New design 50 ohm attenuator 


0 to 132 dh in 1 db steps— 
DC to 500 MC 


Y% db accuracy full range for low attenuation 
values. Maximum error at full attenuation 2 db. 
“One-knob” control. Super compact design—size 
approximately 214” x 214” x 6”. 

These are characteristics of the new, rugged, sim- 
ple -hp- 355A/B attenuators. 

-hp- 355A provides 0 to 12 db in 1 db steps. -hp- 
355B provides 0 to 120 db in decade steps. To- 
gether, 132 db of attenuation from DC to 500 MC 
_is available, with simplest possible controls, pre- 


-hp- 355A/B Attenuators 


mium accuracy, and no complex setup. A solid- 
shield 50 ohm connector may be used to intercon- 
nect the two attenuators. 


These new -hp- attenuators have balanced capac- 
ities and completely shielded sections. They are en- 
closed in a sturdy metal case, yet weigh only 114 
pounds. 


Ask your -hp- representative to show you these prac- 
tical, minimum-space attenuators this week. 


SPECIFICATIONS 


Attenuation: -hp- 355A, 12 db in 1 db steps. -hp- 355B, 120 db 
in 10 db steps 


Frequency Range: DC to 500 MC 


Overall Accuracy: -hp- 355A, £0.25 db, DC to 500 MC. -hp- 
355B, £1 db, DC to 250 MC, £2 db, 250 to 500 MC 


Nominal Imped : 50 ohms 
Maximum SWR: 1,2 to 250 MC, 1.5 to 500 MC 





Max. Insertion Loss: 0 at DC, 0.4 db at 60 MC, 1 db at 250 MC, 
1.5 db at 500 MC 


Power Dissipation: 0.5 watt average; 350 v peak 

Connectors: BNC 

Size: 2-3/16” wide, 2-5/8” high, 6” long. Net weight 1/, 
pounds 

Price: -hp- 355A, $125.00. -hp- 355B, $125.00 


Data subject to change without notice. Prices f.0.b. factory 


HEWLETT-PACKARD COMPANY 


4643H PAGE MILL ROAD * PALO ALTO, CALIFORNIA, U.S.A. 


CABLE *‘HEWPACK"’ 


* DAVENPORT 5-4451 


FIELD ENGINEERS IN ALL PRINCIPAL AREAS 


(hp) offers over 350 quality electronic test instruments 


CONTROL ENGINEERING 


CIRCLE 66 ON READER-SERVICE CARD 








INSTRUMENT SPECIFICATIONS 


communication link 
between user and maker — 


To find out how instrument users can take advantage of good specifica- 
tions, CONTROL ENGINEERING studied the procedures of six chemical, 
petroleum, and contractor firms. Procedures vary, as shown by the sum- 
mary (next page) of how these organizations specify and buy instru- 
ments. Even so, the study brought to light three common and important 
points: specifications are a written link between user and maker; they 
depend on a flow of information about the process to the instrument engi- 
neer; and they vary in detail depending on instrument uniqueness. 

The benefits of well-prepared instrument specs are: 

to assure the maker produces what the user wants 

to assure the plant owner's intent—to own a plant producing at a certain 
rate by a certain date—is met 

to minimize instrument engineering and installation costs 

to give makers and contractors the opportunity to employ their experi- 
ence and ingenuity on behalf of the owner 

to reduce contingency factors in quotations by makers and contractors 


& 
> 


> 


HARRY R. KARP Control Engineering 


Instrument specifications incorporate character- 
istics determined after extensive study of instrument 
location and intended function, after review of proc- 
ess demands, and after coordinating these specs with 
specialists in the Process, Piping, and Mechanical 
Departments. Specifications communicate these 
characteristics to instrument manufacturers. When 
an engineering contractor acts on the owner’s behalf, 
instrument purchasing specifications communicate 
between three parties—owner, contractor, and manu- 
facturer; and should a subcontractor, such as a maker 
of graphic panels, enter the picture, the specs tie in 
a fourth party as well. Specifications are used by 
owner's inspection personnel at the maker’s plant 
and by installation and startup crews at the construc- 
tion site. Figure 1 shows the various groups affected 
by instrument purchasing specs during design, con- 
struction, and startup to assure a successful process. 


Three patterns for specifications FIG. 1 INSTRUMENT SPECIFICATIONS AID COMMUNICATION 
A Owner's process ond plont specifications. 
Even though specification practices vary from 8 Contractor's instrument purchasing specs for review. 

b ai, € Instrument ond systems specs ond purchose orders. 
company to company and project to project, they D Instruments delivered to subcontractor and plant. 
reveal three common patterns. First, instrument E Systems delivered to plont site. 
specifications are vehicles that spell out performance, F Instrument specs to plont for installation ond stortup crews. 
construction, and function; reflect engineering exper- 
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ience; and spur makers to improve their products. 
The information actually contained in any particular 
specification depends on technical and organizational 
factors, and how the owner chooses to purchase in- 
struments. 

Second, instrument specifications exist in a hi- 
erarchy of specifications and standards developed by 
other engineering groups. 

Third, instrument specs differ in detail, depending 
on instrument uniqueness, and result in a horizontal 
pattern. For example, an engineer can buy a con- 
ventional controller (Class I, Figure 2) by listing 
maker and model number on a purchase requisition 
(without any formal specification), and he can be 
fairly certain—because so many instruments of this 
kind are already in use—that the instrument will 
function properly when installed. ‘This procedure 
will not suffice for a stream analyzer (Class II), of 
course, because it would leave unanswered for the 
vendor such details as the minimum and maximum 
ranges of stream components, and the component 
for which the analyzer should be sensitized. These 
conditions—and many more—must be specified. Still 
more detail—perhaps eight or 10 pages of require- 
ments—is needed for such complex systems as data 
loggers and graphic panels (Class III), for their 
design requires coordination of instruments from 
several sources and mutual agreement on _philos- 
ophy of plant operation. 

In purchasing instruments, both the vertical and 
horizontal aspects of specification preparation, Fig- 
ure 2, come into prominence, to determine what 
information should be conveyed to the vendor and 
how detailed this information should be. Consider 
first the vertical flow of information. 


The hierarchy of specifications 


Procuring an instrument always involves prepar- 
ing a purchase requisition. If the instrument needs 
must be explained in some detail, the engineer may 
prepare, in addition, an instrument work sheet and 
even a purchasing specification for that instrument. 
Here’s how instrument specifications originate. 

Engineering standards detail company practices. 
They guide the instrument engineer in the design, 
selection, and installation of control devices and 
systems, and in written form are useful for training 
new engineers, for clarifying conflicts, and for carry- 
ing out construction projects by contracting organ- 
izations in accordance with the owner’s require- 
ments. Written or unwritten, engineering standards 
always exist, by virtue of an instrument engineer's 
job knowledge and experience. 

Engineering standards are not instrument speci- 
fications; they simply tell the instrument engineer 
the circumstances, including process conditions, 
under which a typical piece of equipment, such as 
a particular contro] valve, should be used. A control- 
valve engineering standard would include informa- 
tion about how to size valves, what packing to use, 
when to use flange or thread connections, when to 
use valve positioners, when to use linear or equal- 
percentage characteristics, etc. 


Example: 1. Equal-percentage plug characteristics 
shall be specified when a) pressure drop across valve 
varies appreciably, or b) wide rangeability is required. 
2. A valve positioner shall be used when the valve is 
located more than 200 ft from the controller. 


Process specifications detail information about 





It would certainly seem reasonable to expect each instru- 
ment-user company to develop a specification procedure—an 
organized approach to writing and using instrument specifica- 
tions—and to find similar practices among various companies. 
This is not the case, however. Specifications practices vary 
widely. For example: 
> One large petroleum company tells instrument manufactur- 
ers what it wants by preparing comprehensive general specifi- 
cations for valves, rotameters, controllers, transmitters, etc. 
For a specific application, a work sheet is prepared, based on 
information in the general spec, in process specifications, and 
in engineering standards. The work sheet thus exactly specifies 
those instrument features needed for a particular application. 
Several qualified makers are then asked to bid, and in theory 
the maker submitting the lowest bid gets the order. 
® One chemical company establishes performance require- 
ments, by evaluating various instruments and setting up a list 
of approved vendors for those instruments that meet the re- 
quirements. Specifications are not sent to the vendor. Once an 
instrument, for instance a differential-pressure transmitter, is 
assigned to the process flow sheet, only those vendors on the 
approved list for that device get the opportunity to bid. Se- 
lection is simple and straightforward: performance, not price, 
is paramount—and performance can be assured simply by buy- 
ing an approved make and model number. 





HOW SIX ORGANIZATIONS PREPARE AND USE INSTRUMENT SPECIFICATIONS 


> At a midwestern chemical company, the evaluation engi- 
neers’ mission is to determine how well available instruments 
meet the maker’s—not the user’s—specifications. Within this 
multiplant company, such findings are advisory rather than 
mandatory in guiding instrument buying; though eventually the 
information will be used in preparing company-wide specs and 
in tightening up on instrument performance as may be deter- 
mined by system analysis. 

> Another oil company depends on a contractor to buy instru- 
ments to contractor's instrument specs. This owner prepared 
rather broad specs outlining overall plant requirements, wants 
low cost with performance guaranteed by the contractor. 

> A third petroleum company, recognizing that over the years 
conflicting instrument requirements, redundancies, and extra- 
neous details may have increased the cost of plant construc- 
tion, has its specs analyzed and streamlined by an independent 
engineering firm. 

Contractors prepare instrument specifications for owner- 
clients. Like specs developed by owners, contractors’ specs 
incorporate the performance and design characteristics of the 
best available instruments. Such specs have been used suc- 
cessfully on a wide range of installations and processes. Often, 
an owner adopts a contractor's instrument specs—perhaps with 
some modifications—as a good start on expanding his own 
procedures, 











process equipment and piping, what vari- 
ables must be controlled to operate the 
plant successfully, etc. Of particular 
importance here are such matters as maxi- 
mum and minimum flows, corrosive and 


FIG.2 HOW INFORMATION FLOWS TO INSTRUMENT 





erosive materials, pressure drops and 
ranges, viscosity and specific gravity of 
fluids, hazardous conditions—all of which 
influence selection ad installation of in- 
struments and controls. 

The Process group also initiates a pip- 
ing and instrument drawing (PID) show- 
ing the location of equipment and piping 
and suggesting location and function of 
the necessary instruments. Working 
closely with the process people, the In- 
strument group verifies the appropriate- 
ness of the instruments and suggests 
changes that may better meet process 
control requirements. 


Example: Salt water is used to cool a 
vessel; nominal flow is 100 gpm, but 
varies from 10 to 150 gpm; flow is auto- 
matically adjusted by a control valve oper- 





SPECIFICATIONS 








{ 


Instrument 
purchasing spec 
Closs I 


Instrument 
work sheet 




















ated by a controller sensing temperature. 


Piping and instrument drawings portray 
the process equipment and the instru- 
mentation needed for its control. The 
PID, a typical one is Figure 3, page 72, 
can be used in discussions with vendors, 
to get a rough estimate of instrument costs. With 
the piping and instrument drawing, the engineering 
standards, and the process specifications, the instru- 
ment engineer can select and procure instruments 
having the appropriate function, performance, and 
construction. Each device is analyzed in the light 
of its own operational situation, and is specified ac- 
cordingly. Final selection is made with the aid of a 
general (purchasing) spec for that device, with more 
specific features detailed on a work sheet. 


Example: The PID shows a vessel, a pump for the 
(salt) cooling water, piping, and location of tempera- 
ture-sensing element, controller, and control valve. 
The distance between controller and valve is 275 ft 
and demands a valve positioner; the instrument engi- 
neer modified the PID to show this. 


Instrument purchasing specifications, a separate 
one for each instrument, cover general and unique 
requirements for that instrument and its common 
variations. For a rotameter, the specification would 
describe the general requirements for rotameters as 
a class and special requirements for enclosed, gage- 
glass, and armored rotameters. General require- 
ments in a purchasing spec include materials of 
construction, mechanical connections, definition of 
terms (often in pictorial or graphical form), design 
and construction of individual parts, procedure for 
handling conflicting requirements, reference to as- 
sociated (company, ISA, ASME, and ASA) standards 


and specifications, and statements about accuracy, re- 
peatability, dead zone, linearity, etc. 





Examples: 1. For equal-percentage flow characteris- 
tics, the valve’s plug (or port opening) shall be 
shaped so that with constant pressure drop across the 
valve, the percent change in flow per unit change in 
stem lift is constant. 2. The valve positioner shall be 
supplied only when specified on the work sheet for 
the associated valve. 


Instrument work sheets are checklists of important 
items needed to specify instruments, with blank 
spaces for entering process information (such as 
nominal, maximum, and minimum flow), and deci- 
sions made from this information (such as valve size 


and trim material). Thus, a work sheet is more 
specific than its associate purchasing spec, and it 
conveys to the maker the pertinent requirements for 
a particular device for a specific application. 

Work sheets permit an orderly breakdown of total 
instrument needs, shown on the PID, into individual 
devices. Most frequently, a work sheet lists specifics 
for all like devices (control valves) for a process, 
though some companies prefer a work sheet detail- 
ing all instruments in a particular control loop— 
often going as far as to draw a simple PID for that 
loop on the sheet. Many companies use work sheets 
alone, do not prepare purchasing specs; they let the 
maker's specification act in the same capacity as the 
user’s purchasing spec. The Instrument Society of 
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FIG. 3. Typical, but abbreviated, piping and instrument drawing 
showing process equipment, piping, and instruments. Instruments 
like the level controller (LC) can be procured by a simple purchase 
requisition, but complex instruments like the analyzer transmitter 
(AT) requires a more detailed spec. 


America has developed a group of work sheets which 
are contained in “RP 20.1—Specification Forms for 
instruments, gages, thermocouples, orifice plates and 
flanges, control valves, and pressure safety valves.” 

After all the facts in previous specs are combined, 
a work sheet for a control valve looks something 
like this (abbreviated) example: 





Fluid (1) 





Corrosive materials (2) 





Valve AP at mox flow, psig (3) 





Max flow, gpm } (4) 





Min flow, gpm (5) 





Line size, in. (6) 





Valve size, in. 2 (7) 


EQUAL -PERCENTAGE (8) 


Positioner required (9) 





Valve choracteristic 








Body materio! CAST /RON (10) 





Trim material 











MONEL (11) 





The entries in the above work sheet are derived 
as follows: Lines 1 through 5 are specified by Proc- 
ess; Line 6 by Piping; Line 7 is calculated in accord- 
ance with procedure in the Engineering Standard; 
Line 8 comes from Lines 4 and 5, which show wide 
flow rangeability and, according to the Engineering 
Standard, demands an equal-percentage character- 
istic; Lines 9 through 11 are also determined from 
statements in the Engineering Standard. 


The horizontal pattern 


The minimum information transmitted to the 


CONTROL ENGINEERING 


vendor varies from a two-line purchase requisition 
for common instruments to a 20-sheet writeup of 
function, performance, and construction for com- 
plex and costly systems. In general, the detail 
contained in a spec depends on what instruments or 
control system is being purchased: 

Class I instruments can be characterized as com- 
mon and frequently used control devices produced 
by many makers under official and quasi-official in- 
dustry standards. Their function and operating 
characteristics are well-understood by competent in- 
strument engineers. The vendor does not need to 
know the overall process conditions or applications 
problems. Typical of such instruments are control- 
lers, indicators, recorders, transmitters, valves, gage- 
glasses, and thermocouples, all of which can be 
found in great variety in general catalogs. For a 
given device, there is considerable similarity in func- 
tion from make to make, so that in the selection 
procedure the user is concerned mainly with cost, 
quality of construction, and future performance. A 
brief purchase requisition, based on the maker’s 
specification, could suffice to buy one of these in- 
struments, although—as pointed out—certain users 
still prefer to prepare their own specifications. 

Class II instruments differ from Class I mainly 
in being more complex and in having unique process 
conditions and operating requirements that the 
maker must understand. Typical of Class II are 
such devices as stream analyzers and electromagnetic 
flowmeters. Class II instruments are commercially 
available, but they must be adjusted and modified 
for particular applications and locations. The pur- 
chasing spec and the work sheet transmits this spe- 
cial information. Prior to writing a final spec, the 
user may engage in technical negotiations with sev- 
eral makers to see what they have and what modifi- 
cations (and at what cost) are needed to suit the 
application. Some makers prepare a checklist of 
important facts to be supplied by the user; they are 
similar to the user’s work sheets but reflect, of 
course, the maker’s initiative in getting the pertinent 
information. An actual, but abbreviated, work 
sheet spec for a gas analyzer is shown in Table I. 

Class III instruments and systems generally are 
high in cost, complex, critical to successful plant 
operation, closely tied in with the selection of other 
plant instrumentation, and designed and built espe- 
cially for the process. Typical are data loggers, pro- 
grammers, graphic panels, and special control systems 
on trial for the first time. Here, the user does the 
preliminary engineering for the system, at least to 
the point of having his own ideas firmed up as to 
function and performance; he leaves other considera- 
tions, like exact physical size, design, and choice of 
components, to the maker. Thus, the purchaser 
must communicate to the maker considerable tech- 
nical detail as well as his concept of what the system 
is to accomplish. An actual, but condensed, spec 
for a logger-scanner system is shown in Table II. 





How Design Simplifies 
Trouble-Shooting and Repairs 


THE GIST: As more complex control and computing equipment becomes 
operational, maintenance can no longer be considered a necessary evil 
that is ignored until the first failure is encountered on the factory floor. 
Rather, the control system engineer must design for ease of maintenance 
just as he designs to meet performance specifications. Designing for main- 
tenance has two aspects: 1) making it easy to locate the trouble, and 
2) making it easy to repair it. The following covers many practical tips 


that are useful in both of these areas. 


Part Il, to appear in a future issue, 


uses case histories to show that many control system manufacturers are mak- 
ing progress in easing the maintenance function. 


BYRON K. LEDGERWOOD 
Control Engineering 


The control system that meets all per 
formance specifications must still satisfy 
two other requirements for user accept- 
ability: 

1. it must be sufficiently reliable, 
so that it does not continually 
fail, and ; 
when it does fail it must lend 
itself to repair in a reasonable 
amount of time by the type of 
maintenance personnel the user 
has available. 

Downtime of the controlled equip- 
ment is not the only big cost; the main- 
tenance operation is expensive in itself. 
Military records show that every dollar’s 
worth of electronic equipment requires 
at least $10 worth of maintenance before 
it wears out (Ref. 1). Although indus- 
trial figures are hard to come by, it’s 
easy to visualize the total cost of mainte- 
nance running to two to three times ini- 
tial equipment cost. 


What does past experience show? 


While any type of production equip- 
ment requires maintenance, industrial 
electronic control systems require more 
than most. These systems are often com- 
plex and newly designed, the applica 
tion may be new, the supplier may not 
be familiar with industrial design require- 
ments (all his experience may be in mili 
tary systems, for example), and the com- 
ponents he uses may not have been 


intended to withstand the average indus- 
trial environment. The average user and 
his maintenance man are scared of these 
systems even before they have any ex- 
perience with them because of their lack 
of familiarity and training. 

Alan R. Davis points to the increase 
in electronic controls at North American 
Aviation, Los Angeles Div.: “Prior to 
World War II there were approximately 
540 electronic tubes in operation, mostly 
in spot welders and process controllers. 
Maintenance consisted of trial and error 
replacement. If the trouble wasn’t cor- 
rected by changing tubes, then we’d call 
for the manufacturer’s field man.” 

“Today we have 2,800 tubes in opera- 
tion. They are used in GE adjustable- 
speed drives on our spar and skin mills, 
Cutler-Hammer electronic drive controls 
on our two Gray skin mills, and Reli- 
ance VS drives on our Betts automatic 
skin mill. A year and a half ago, two 
Cincinnati Milling beam mills were de 
livered, each with six independent syn- 
chro-controlled servo loops. The most 
recent addition is the Numill with 600 
transistors, 600 diodes, and 2,800 resistors 
on 250 printed circuit boards. Obviously 
trial and error maintenance will not suf- 
fice for this type of machinery.” (Ref. 2) 

Thus the number of complex indus 
trial control systems is skyrocketing, not 
only in the now-conventional area of 
electronic adjustable speed drives and 
simple electromechanical servos, but in 
that involving such sophisticated sys- 
tems as inventory control] data processors, 
automatic warehousing equipments, pro- 


gram controllers for machine tools, steel 
mills, and automatic testing systems, 
automatic production control and logging 
equipment, process control computers, 
etc. These are all compounding the main- 
tenance problem. 

To make this complex control equip- 
ment acceptable to the user is the joint 
responsibility of the control system de- 
signer, the controlled equipment de- 
signer, and the user himself. The de 
signers can make the equipment more 
reliable and make it easier to find trou- 
bles and make repairs. The user can 
make sure that his maintenance person- 
nel are properly trained and sufficiently 
familiar with the equipment so that they 
don’t ignore it because they're afraid of 
it. Many perfectly good pieces of 
equipment are sitting around our fac 
tories, cold-shouldered by operators and 
maintenance men who were not given 
the opportunity for proper orientation. 


How reliability relates to maintenance 


Much has been written concerning the 
design of reliable systems (see Ref. 3 
through 10), so that little will be said 
about it here except to point out that 
reliability is only one of the many factors 
to be considered in evaluating a control 
system, particularly where ease of main- 
tenance is critical. Military reliability 
experts have been tending towards a 
concept known as “systems effectiveness” 
or “how valuable is the equipment to 
you”, in which reliability is only one 
factor. To quote H. A. Voorhees of 
Western Electric Co.: “Although mean 
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time between failures has been accepted 
as a key criterion of reliability, it doesn’t 
tell how valuable the equipment has been 
to the users. Satisfaction from the use 
of equipment depends on many things, 
such as cost, performance capability, 
downtime, repair time, effects of re- 
dundancy, and effects of operating con- 
ditions and environments. ‘These factors 
differ in importance depending on the 


type of system involved.” (Ref. 4) 

This concept clearly applies when de- 
signing for reliability and easy mainte- 
nance, for the two design goals often 
conflict. For example, the most reliable 
circuit (in which all connections are 
solder joints, screw terminals, or some 
other form of permanent connector) is 
often the most troublesome: the down- 
time required to change a component or 


subsystem can be unbearable. Conse- 
quently, plug-in modules are often used, 
although the pressure contacts tend to 
decrease reliability. Built-in fault-finding 
equipment also illustrates this point; it 
increases complexity (and decreases re- 
liability), but is indispensable in the 
maintenance of complex gear. 

This article deals with ways of simpli- 
fying repairs and trouble-shooting. 


Designing systems for easy repair 


The first thing that comes to mind is modular plug-in 
construction. This usually simplifies repair (and often 
trouble-shooting as well), but has two disadvantages: 
it reduces reliability somewhat by adding pressure con- 
tacts, and increases circuit complexity (1 to 2 percent 
in typical military systems and probably a lot more in 
industrial applications). Figures 1 through 4 show the 
details of some typical modules. 

The “package within a package” module from a 
Beckman Model 112 computer-data system uses printed 
wiring and solid-state components only, Figure 1. 
Maximum flexibility and ease of maintenance are 
achieved by the double plug-in arrangement. Figure 2 
shows the cast-case construction and plug-in module 
loosening-jack design of the Voldicon voltage-to-digital 
converter manufactured by Adage, Inc. The cast case 
reduces construction costs and the printed wiring plug-in 
boards assure easy maintainability. Figure 3 shows an- 
other facet of this equipment: the guide pins are coded 
by rotating the male and female halves, making it im- 
possible to put a board in the wrong slot. 


Identifying the different modules is extremely impor- 
tant. Some color code the handle or front of the 
module, others remove an unused terminal on the 
plug-in connector, while still others use variations of 
the Adage technique. Figure 4+ shows one of these vari- 
ations on a GE welder control: here the pin and 
receiving hole placement are varied on different type 
modules (Ref. 11). 

In designing unitized modules, make sure that the 
circuits or components are grouped logically. In a 
parallel adder, for example, there are two flip-flops, two 
AND gates, and a delay associated with each digit. In 
constructing such a device the components for a single 
digit should be unitized. It also pays to develop a sys- 
tem that can use common circuitry throughout. The 
advantage in replacement units and inventory of spare 
parts is obvious. 

Plug-in type construction is not limited to complete 
subcircuits, but is used with components, too. Both 
the GE and Westinghouse static-switching elements are 
of the plug-in type and can be locked in place (an 
important provision in any type module, particularly if 
it is subjected to vibration). 


PLUG-IN MODULES SIMPLIFY REPAIR 


Magy | a 


FIG. 1. Double plug-in arrangement means maximum 
flexibility and ease of maintenance. 


FIG, 3. Rotating male and female halves 
of guide pins changes coding and prevents 
board from being inserted in wrong slot. 
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FIG. 2. Cast case holding plug-in boards 
yields simple rugged construction 


FIG. 4. Guide pin and receiving hole placement 
are varied for different modules. 





ACCESSIBILITY IS THE KEY 








FIG. 5. Swing-out construction makes 
all components accessible. 


The Ford Motor Co. has perfected a four-relay 
module as an aid to easy maintenance, reliability, and 
economy. It uses four conventional machine-tool-type 
relays mounted on a board that fastens to the panel 
channel, with the relay leads brought to a plug-type 
receptacle (instead of the mounting board itself plug- 
ging in). Again, each module board includes logical 
groupings of relays. 

All behind-panel construction should be limited to 
cabling, and no components with a probably bounded 
life should be incorporated in this fixed portion of the 
construction. If this requirement is impossible, swing- 
out panels should be provided to give ready accessibility. 
Figure 5 shows this type construction on a GE resis- 
tance welder control. 

Field maintenance personnel often complain about 
the effort required to replace wire internal to the 
equipment. Wire can be damaged by chafing or by 
accidental burning or cutting during repair, and some- 
times it or its insulation is defective to start with. 
Standard harnessing and cabling techniques help here, 
but some form of wiring channel, such as the integrally 
built channel shown in Figure 6, is even better. Advan- 
tages of this type construction are: no lacing, bending 
radius of one wire is less than a group of wires, hidden 
or hard-to-get-at clamp nuts are not used, wire markings 
are visible, tracing is easier, etc. (Ref. 12). 

Phenolic resin or bakelite wire channels, with and 
without equally-spaced wire openings, are on the market. 
These are as useful as integrally built channels, are 
probably much cheaper, and are readily available in 
various lengths. In connection with wiring practice, 
standard color coding should be used throughout. 

One thing that wasn’t mentioned under plug-in 
units is encapsulation. Here the complete circuit is 
potted in a nonconducting resin and the failure of one 
component usually means discarding the complete unit. 
This type of construction gives mechanical rigidity to 
the circuit elements and assists in heat dissipation; still, 
it is sometimes objectionable to industry because the 
entire circuit is lost if a cheap component fails. 

One or two things should be said about repair of 
hydraulic systems. Most important, probably, is that the 
critical components are where they can be easily re- 
moved and where they can be observed for leaks. In one 
case a machine tool user replaced the steel cover plates 
giving access to the hydraulic servovalves with clear 
plastic plates. Not only could the maintenance per- 


< 
. i - 


FIG. 6. Open wiring channels make 
tracing and wire replacement easy. 


sonnel observe for leaks, but the plastic plates were 
considerably lighter than the steel ones. 

Another thing: make sure that there is provision for 
bleeding air from the highest point in the system. This 
is necessary during startup and after extended shutdown. 

While these are only a few of the improvements that 
can be made to assure easy repair, at least they give an 
idea of the direction to take. Now for the most im- 
portant problem: finding the trouble. 


Designing for easy trouble-shooting 


This is probably the most important—and newest— 
objective, as far as easy maintenance goes. As will be 
seen later, many suppliers have given considerable 
thought to it, and necessarily so, since it’s extremely dif- 
ficult for the average maintenance man to diagnose 
trouble in a complex electronic system. 

J. P. Seigler and J. M. McQueen, maintenance super- 
visors at the Georgia Div. of Lockheed Aircraft, relate 
that in their first few weeks of trouble-shooting the 
machine control unit on a numerically-controlled 
Bendix-K&T profile miller, between 90 and 95 percent 
of their time was spent locating the fault and only 
5 or 10 percent in eliminating it. After they gained 
experience, fault-finding dropped to 80 to 85 percent, 
a figure that appears to be pretty well standard across 
industry and the military. 

Alan Davis, North American Aviation, tells of an 
extreme case along this line. One of the machines was 
acting erratically, and the trouble was finally traced 
to a sensitive relay encased in a plastic sheath. The 
temperature rose in the control cabinet during the lat- 
ter part of the day, causing the plastic case to contract 
and press on the relay mechanism. This upset the 
critical pickup point. The records show it took 44 hours 
to locate the trouble and 5 sec to correct it (Ref. 2). 

To get an idea of what might be done to reduce trou- 
ble-shooting time, look at how the military handles 
check-out and maintenance of its systems. Integrated 
automatic go/no-go test sets have been developed that 
exercise an entire missile control system, isolating and 
indicating faults on a go/no-go basis. These test sets 
measure such things as circuit continuity, supply 
voltages, bias, individual circuit operation, overall sys- 
tem dynamic response, etc., by programming the com- 
plete test from a stepping-switch or perforated-record 
programmer, applying the proper stimulus to each ele- 
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ment, and comparing the actual output with the de- 
sired output. There is thus very little dependence 
on the operator (or maintenance man’s) judgment, and 
faults can be clearly located (Ref. 13). 

These test sets are extremely costly and some com- 
promise must be made when the philosophy is applied 
to industrial control, but at least they point the way. 

One of the first responsibilities of the supplier is to 
furnish good maintenance instructions. Figure 7 shows 
those furnished by GE with its Thy-mo-trol drives. 
These instructions should list the most likely troubles 
and clearly describe the possible sources (Ref. 14). Sys- 
tem-wiring diagrams should include critical voltages and 
even waveforms for checking purposes. Figure 8 shows 
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FIG. 8. Wiring diagrams 
should include critical 
parameter values and waveforms, 


GOOD MAINTENANCE 
MANUALS 
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FIG. 7. Possible troubles 
and their sources should 
be clearly described. 


a portion of the diagram supplied with GE edge-register 
control systems (Ref. 15). 

To move into the actual equipment, consider as a 
start the use of indicating lights and alarms. All fuse 
holders should have neon blow indication (and each sys- 
tem block should be fused separately) so that blown 
fuses can be quickly located. In digital systems, all dy 
namic elements, too, should have neon indication, to 
make it easier to follow system operation and locate 
faults. Failure detection systems that cover main blocks 
or functions of the system should be equipped with 
light and/or audible alarms. As will be shown later, 
lights can often be located in graphic-panel form follow- 
ing the outline of the machine or process, for quick 
location of the trouble spot. Some of the static-control 
elements (GE general-purpose ones are shown in Figure 
9) have indicating lights that show the on or off state 
of the output. These can be used in conventional panel- 
mounted form or can be pulled out to indicate circuit 
condition on a blown-up wiring diagram or graphic dis- 
play of the machine. There have been complaints that 
as much time is spent locating and replacing burned-out 
lights as is gained in trouble-shooting. One way around 
this is to arrange the lights so that one switch turns 
them all on. Then faulty bulbs can be located quickly. 

Another thing that can be done is to bring out critical 
test and check-out points in the circuit to check voltages 
and waveforms. In. some cases the proper test voltage 
can be displayed next to the text point, making refer- 
ence to a manual unnecessary. Boeing Airplane has gone 
so far as to permanently add oscilloscopes and switching 
panels to some of its electronic control systems. 

In recorded-information control systems, there should 
be provisions for a parity check and circuitry that will 
reject improperly coded or improperly read information. 
Also, special test and diagnostic programs can be devel- 
oped for programmed systems that will permit checking 
machine operation for standard input conditions. Much 
has been learned from the digital computer people. 

IBM for example, uses three types of programs for 
checking out computers (Ref. 16). The first are system 
test programs. These are short, highly flexible routines 
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FIG. 9. Indicating lights help to find 


trouble, particularly in digital systems. 
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FIG. 10. Marginal checking is a 
powerful maintenance tool. 
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with a large amount of manual control. The primary 
purpose is to verify design, correct improper wiring, 
and analyze machine malfunctions. They are usually 
not used in maintenance because of long setup time. 

The second class, diagnostic programs, attempt to 
pinpoint the machine malfunction to as small an area 
as possible. Upon detection of an error, the program 
will analyze what area is responsible, and will indicate 
this by printing out the information or by stopping at 
a particular location. 

Reliability programs make up the third class. These 
perform a test as rapidly as possible, but make no 
attempt to locate the area of trouble. They are designed 
as a go/no-go type of test to rapidly check a large 
amount of equipment. 

Another technique borrowed from 
puter field is marginal checking. This 
ful in locating intermittent failures and in locating 
components that are likely to fail. The method is 
shown in Figure 10 (Ref. 17). The tolerance of one 
of the components in the circuit is plotted against the 
variation in the marginal-checking parameter. ‘The 
designed operating point of the circuit is the intersec- 
tion of the mean value and normal value dotted lines 
near the center of the parabola. This point represents 
normal voltage on the circuit and normal value of the 


the digital com- 
is extremely use- 


FIG. 11. 





Good maintenance records help in failure prediction. 


components. When the supply voltage or marginal- 
checking parameter is lowered, a point (point 1) is 
reached on the contour line where the circuit fails 
to operate. This is the point at which the function of 
the circuit deviates from that of the prescribed specifi- 
cation. In a flip-flop, for example, the point at which 
some standard pulse fails to switch the state may be 
failure. If the component deteriorates by 10 percent, 
the voltage only has to drop to point 2 before a failure 
occurs. Thus marginal checking combined with some 
kind of a test routine that exercises all of the circuit 
elements provides a powerful trouble-shooting tool. 

Another good procedure is to physically number all 
dynamic elements in,a complex control system and keep 
a faithful record of failures and difficulties. Over a 
period of time this will assist in predicting failures and 
in establishing preventive maintenance routines. I'ig- 
ure 11 shows an electronic failure report used by the 
armed services. This may be too complicated for indus- 
trial use, but it at least furnishes some useful ideas. 

A commercially-available trouble-shooting device 
widely used in the automotive industry is the Electro- 
Graphic Detector System, designed and manufactured 
by W. F. & John Barnes Co.’s Electrical Div. This 
combines both the indicating light and test-point tech- 
niques to simplify trouble shooting of complex switch- 
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FIG. 12. Electro-Graphic Detector System speeds 
fault locating on relay control systems. 


FIG, 13. Where system elements are widely 
separated, an integrated telephone system helps in 


finding trouble and during calibration. 


ing circuits (Ref. 18). Figure 12 shows a typical panel. 
Test leads are brought out from the actual circuitry to 
schematic wiring diagrams, and white and blue sequence- 
indicating lights are mounted alongside the wired-in 
diagrams. If the lights stop sequencing, the equipment 
has malfunctioned in that part of the circuit straddled 
between the white and blue lights. The actual failure 
can be located by running a test lead over the circuit 
points in the troubled area. 

Cutler-Hammer does the same thing with a telephone 
dial. Dialing connects critical points in the circuit to 
a test lamp to indicate whether a point is energized. 

Special test equipment is often helpful, particularly 
with special types of control devices. For example, 
Bendix supplies a packaged tester for servicing the 
individual plug-in units in its numerical control system. 
The maintenance people at Lockheed Georgia report 
that it takes 10 to 15 min. to find a fault in one of 
these units with conventional test equipment, and only 
about 1 min with the special tester. Westinghouse 
supplies a special phase indicator with its phase-sensi- 
tive Cypak system, and GE General-Purpose Controls 
has developed a special test box for its static control 
systems. 

Some of these techniques can be applied to hydrau- 
lic systems. Pressure switches connected to critical 
portions of the systems, for example, can indicate high 
and low pressures and pressure differentials. A differen- 


tial pressure switch across a filter indicates when the 
drop is too great and the filter is clogged. 

In many installations, such as in steel mills, the 
control cubicle may be placed in a location far from 
the process machinery and operator’s station. Positive 
communication between the cubicle and: the operator’s 
station is essential during calibration and equipment 
adjustments. As shown in Figure 13, Industrial Nucle- 
onics Corp. solves this problem by providing an inte- 
grated telephone system. 

A large variety of trouble shooting aids are available, 
even going so far as automatic test routines that rigor- 
ously check out all portions of a system. What tech- 
nique to use depends on the particular application, but 
go/no-go routines that do not require manual judgment 
are almost always best, if they are possible. The second 
part of this article offers several case histories to show 
what’s being done. 
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Ball Bearings for 
Precision Gyros— 


how they affect your 
system's performance 


RICHARD H. CHERWIN 
New Hampshire Ball Bearings, Inc. 


Today, miniature ball bearings costing as much as 
300 dollars a pair are being used in commercial gyro- 
scopes. Offhand, this seems like a pretty high price 
to pay for such simple, unsophisticated components. 
Unfortunately, there is no substitute for precision. 
Just as a chain is only as strong as its weakest link, 
the performance of a modern inertial guidance sys- 
tem is only as good as the precision of its gyroscope 
bearings. In fact, the slightest imperfections in 
these bearings could produce output errors large 
enough to render an entire system useless. 


Rotor bearing problems 


In a gyroscope, rotor spin axis bearings and gimbal 
bearings perform essentially the same function. The 
rotor shaft, however, turns at 10,000 to 20,000 rpm, 
or higher, while the gimbals rotate only a few degrees 
at relatively low speed. Thus performance of rotor 
bearings is considerably more critical than that of 
the gimbal bearings. Three factors which seriously 
affect this performance are: friction in the bearings, 
elastic deformation of both rotor and bearings, and 
thermal expansion or contraction. 


Friction 


Ideal rotor bearings maintain an absolutely fixed 
relationship between the gyro rotor axis and the 
inner gimbal, under all operating conditions. They 
also offer zero resistance to the turning of the rotor. 
Unfortunately, “full-race” ball-bearing construction 
allows the balls to rub against one another, creating 
friction, to which must be added the coulomb fric- 
tion caused by the balls rolling on a curved raceway. 
Further, since all points on the ball-to-raceway con- 
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FIG. 1. A pair of bearings for one 
end of a gyro rotor shaft A) before 
preloading, and B) after preloading. 


tact areas are not equidistant from the ball’s rota- 
tional axes, a certain amount of slipping will occur. 


Deflection and thermal effects 


Serious errors in gyro output also result from 
elastic deformation of rotor bearings. Whenever a 
gyro undergoes an acceleration, the center of gravity 
of its rotor shifts against the applied force. Unless 
this shift is along the original force vector, the force 
will produce a moment about the axis of the inner 
gimbal, causing the gyro to precess and indicate an 
erroneous change in gimbal position. 

Differential thermal expansion or contraction of 
mating parts is still another problem that demands 
the close attention of the instrument designer. That 
which constitutes a satisfactory fit at one operating 
temperature may become too loose or too tight at 
some higher or lower temperature, in which case 
cross-coupling or friction may become excessive. 


Practical solutions 


After considerable study, it was found that the 
type of ball bearing that comes closest to meeting the 
requirements for spin axis application is the so-called 
Conrad bearing. This type contains a ball retainer 
that prevents the balls from rubbing against one 
another, as occurs in the full-race construction. Al- 
though some friction is generated by ball against re- 
tainer and retainer against the OD of the inner ring, 
satisfactory minimum torque is maintained. Nor- 
mally in an inertial gyro, bearing friction torque 
should not exceed 70 dyne-cm. 

As far as materials are concerned, steels such as 
52100 chrome and 440C stainless appear to be the 
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most suitable for use in instrument bearings. Since 
steel, however, has a certain amount of elasticity, 
and will deform under load, a mounting technique 
known as preloading is used. Performed at assem- 
bly, preloading involves the application of a per- 
manent thrust load which causes the bearings to 
operate on a flatter portion of their deflection-vs-load 
curves. Figure 1 shows a pair of bearings before and 
after preloading. Residual elasticity in the bear- 
ings prevents a completely fixed relationship between 
rotor spin axis and inner gimbal, but accurate pre- 
loading will minimize this condition. Thus, a given 
amount of preload represents a compromise between 
bearing stiffness and low running torque. Most 
current gyros with miniature bearings use a preload 
of from | to 5 lb. The curve in Figure 2 represents 
a typical load-deflection curve for a single ball 
bearing. Note how the curve flattens with an increase 
in the applied thrust load. 

In a gyro, the rotor itself represents an elastic 
body; fortunately, its deflection characteristics can 
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FIG. 2. Typical thrust load vs axial deflection 
curve for a single bearing. 


Anisoelastic condition Isoelastic condition 


CG,= Normal rotor center of gravity and inner gimbal oxis 
CG, = Deflected rotor center of gravity due to acceleration 


Fy * Vector showing direction of external force producing acceleration 


Fa = Vector showing direction of reaction force due to inertia 


Deflected position 
Norma! position 


FIG. 3. Force acting on a deflected isoelasiic structure 
is not displaced from its original line of action. 





FIG. 4. Contact angle formed by the 
application of a pure thrust load 


be designed to counterbalance those of the bearings, 
thereby approaching an “isoelastic” condition. The 
rotor-plus-bearings combination is said to be iso- 
elastic when the rotor’s center of gravity, under 
acceleration in any direction, shifts along the line 
of the applied force. Figure 3 illustrates the dif- 
ference between this and the anisoelastic condition. 
With the isoelastic design, the applied force con- 
tinues to pass through the axis of the inner gimbal, 
even after the center of gravity shifts. Thus, having 
no moment arm, the force can produce no error. 

Deflection characteristics of a given ball bearing 
depend on four parameters: 1) ball size, 2) number 
of balls, 3) raceway curvature, and 4) contact angle. 
Of these, the first three are easily controlled in the 
design and manufacturing stages. Contact angle, 
however, is determined at the assembly of the bear- 
ing by controlling the amount of free radial play. 
As shown in Figure 4, contact angle is measured 
while the bearing is subjected to a pure thrust load, 
and is the angle between a line normal to the 
bearing axis and a line passing through the points 
at which a ball touches the raceways. Typical rotor- 
plus-bearing assemblies become isoelastic at contact 
angles of 20 to 30 deg. 

Housing and shaft fits also influence gyro perform- 
ance. ‘Tight interference fits, by compressing the 
outer ring or expanding the inner ring, reduce the 
contact angle, and thus alter the bearing deflection 
characteristics. A good rule of thumb is to strive 
for line-to-line fits on both diameters. Actually, 
a fitting tolerance of plus or minus 0.0001 in. pro- 
vides satisfactory performance in most applications. 

Finally, to avoid differential thermal expansion, 
with its attendant increase in cross coupling or fric- 
tion, materials used for shaft, housing, and bearings 
must be carefully selected so to have equal or nearly 
equal expansion coefficients. 





JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





ALCOA DISCOVERS WONDERFUL 
NEW WORLD OF INDUSTRIAL TELEMETERING 


Aluminum Company of America engineers have just cut 
the cost of measuring large amounts of direct current 
used in smelting operations by replacing conventional 
meter-and-shunt arrangements with CONTROL’sS trans- 
ductors. Beyond cost-cutting, the installation at Alcoa’s 
new plant at Massena, New York, sets new highs in op- 
erating reliability, convenience and safety. Telemeter- 


distance of several hundred feet, with no direct connec- 
tion to the bus bars which carry the heavy current! The 
CONTROL transductor is in essence a d-c current trans- 
former, and unlike the meter-with-shunt, it can be used 
for remote measurements, regardless of distance—and 
still retain its guaranteed + 1% accuracy. This is static 
control, and it’s based on high permeability magnetics. 


ing of a hot 8,000 amperes at 600 volts is done over a A transductor catalog awaits your request. 


STATIC CONTROL= 
TRANSDUCTOR = SIMPLICITY 


What appeals to engineers (Alcoa and otherwise) about CONTROL 
transductors is their simplicity. Two Orthonol® (nickel-iron alloy) 
cores are connected electrically in opposition, the bus bar runs through 
them, and you have the world’s simplest device for measuring large 
currents over long distances. No need for calibrated leads (as with 
meter-and-shunt). They are comparatively easy to cut into the line— 
mount like donut current transformers. The transductor loops around 
the bus and is not even directly connected to it! Alcoa sums the read- 
ings from several transductors measuring different bus lines simply 
by feeding their outputs into a totalizing transformer. Potential 
differences of the lines being summed have no effect. Our catalog 
shows the simple circuitry, and details the full range of transductor 
sizes from 200 to 25,000 amperes. Write for your catalog. 


At Alcoa: Technician inspecting CONTROL transduc- 
tor, one of 48 measuring 8,000 amperes at 600 voits. 


ALL THIS... 
AND THE RIGHT PRICE, TOO! 


We're selling a lot of transductors. It’s their flexibility that catches 

the customers. To wit: Variations in ambient temperature, or stresses 

on the bus bar as the building settles have no effect on accuracy. To 

wit: They provide a usable power output: you can run relays and mag- 
netic amplifiers directly from the transductor with no 
booster amplifier. Jo wit: Additional accessory meters 
can be easily added at a later time. To wit: They install 
easily. You open the line, slip on the CONTROL transduc- 
tor, reconnect—and the job is done. And—they are com- 
petitively priced! The higher the ratings, the leas they 
cost compared to competitive methods. Prices and com- 
plete information await your immediate request. 


At Alcoa—Several hundred feet 
away: Readings are taken on 
both individual transductor 
meters and totalizing meter. 


Reliability begins with CONTROL. 


c ; 
A DIVISION OF MAGNETICS. Inc. 


DEPT. CE-68, BUTLER, PENNSYLVANIA 
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Punched Tape Controls 
London Trains 


R. DELL, Signal Engineer 
London Transport 


On London’s Underground, punched- 
tape programmers control the move- 
ment of 1,300 trains a day through the 
junctions of the complicated Northern 
line. The destination and time of arrival 
of each train in the rapid transit system 
is automatically checked against a re- 
corded timetable; then switches and 
signals are set to properly guide the 
train into and out of the junction. The 
program machines allow for out of turn 
operation, should trains on any one 


branch be behind schedule. 


CONTROL ENGINEERING 


The Northern line, the most complicated trackage 
on the London Underground (rapid-transit) system, 
is making successful use of program machines for 
fully automatic signaling and switching of trains at 
junctions. Figure 1 is a map of the line, which 
includes two main branches that originate at the 
north end of the city. The branches meet in a 
large junction at Camden Town, then separate again 
to pass through the center of London along two 
routes. One moves through downtown and the 
other through Charing Cross. The lines meet once 
more at Kennington, where there is a reversing loop 
and a siding, and narrow to two tracks that extend 
to the southern terminus at Morden. A total of 
650 trains per day travel in each direction on the 
center section between Camden and Kennington. 

For many years the line has been equipped with 
train “describers”, which give information on train 
destination to passengers and signalmen at the 
junctions. As each train leaves the terminus, its 
description, in the form of a four-wire code, is sent 
down the line by the signalman. At each station 
and signal tower, the code is stored in receivers 
until the particular train arrives. The train describer 
employs an electromechanical drum with storage 
capacity for 32 coded descriptions. 

In 1955, Camden Town Junctions were converted 
to automatic operation; tie train description was 
then used to initiate setting of the track switches at 
the converging and diverging junctions on a first- 
come, first-served basis. Experience showed that this 
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arrangement was not satisfactory, because a train 
arriving at a junction only a few seconds early would 
be signaled out of turn. This led to the introduc- 
tion of the new program machines, which perform 
the followings functions:- 
Signal all trains over the correct routes when 
the service is running correctly. 
Check arrival time of all trains and sound an 
alarm if any train is more than two minutes 
late. 
Check the train identification on the describer 
unit to make sure that it agrees with the time- 
table. 
If trains on one branch are late, signal other 
trains that may be waiting. Information on 
the delayed trains is stored so that they can be 
automatically signaled through when they ap- 
pear. 

The Kennington junction was the first to be op- 
erated by program machines; installations were added 
later at Camden Town and Euston, so that now the 
whole center section of the line functions without 
signalmen. The same mode of control will be ex- 
tended to the junction at East Finchley. 


Operation 


The program machines, Figure 2, carry a strip of 
plastic material, 8 in. wide and about 8 ft long, 
wound on two rollers. The rollers are driven by a 
small electric motor through magnetic clutches that 
permit the roll to be moved in either direction. 


A mn BE 


Stockwell Clapham Tooting 


Common Broodway 


=e | 
xo — N40 XK —$To depot 














The roll is indexed to the required read positions 
by the combined action of the clutches and an elec- 
tric brake. 

The information for each train (time, route, and 
final destination) is contained in coded form in a 
row of holes arrayed across the plastic roll. The 
same information is also typewritten alongside each 
row of holes. A group of 32 metal feelers read the 
program by completing electrical circuits through 
the holes. These feelers are raised from or lowered 
against the program roll by a small compressed air 
cylinder controlled by a solenoid valve. Interlock 
contacts are provided to insure that the feelers are 
withdrawn before the roll moves. A photocell scans 
a separate line of holes to position the roll correctly 
for each reading. 

The automatic control of each junction requires 
the use of two program machines, one for se- 
quence programming and the other for timing. The 
sequence-program machine steps once for each train 
that passes and is quite independent of time. This 
is the unit that actually initiates the setting of the 
track switches and the clearing of the signals. It 
insures that every train is correctly dealt with, regard- 
less of whether it is early or late. 

The timing machine is similar to the sequence- 
program unit in design, except that the electrical 
circuits for stepping the roll are controlled by time. 
The time interval between successive trains is coded 
into a set of punched holes on the program roll. 
Thus, the machine, in addition to carrying the 
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FIG. 3. Block diagram of automatic train-programming system. Safety circuits 
for interlocking the switches and signals of the system are shown at right. 


switching and signaling data for a train, also con- 
tains information on the time interval between it 
and the preceding train on the timetable. A master 
clock delivers one pulse to the programmer every 30 
sec. ‘These pulses are counted until the total num- 
ber equals the time interval between succeeding 
trains, whereupon the timing machine advances its 
roll one step. 

In this arrangement, the two machines are nearly 
always one train out of step, the sequence unit being 
one step ahead of the time unit. It is only at the 
actual moment the train is due that the time ma- 
chine coincides with the sequence machine. This 
coincidence provides a time signal to the sequence 
machine to indicate that a train is due. If the serv- 
ice is late, the time signal activates a warning circuit. 
The signal could also be used to start the departure 


FIG. 2. Plastic rolls on the program machine carry coded and 


typwritten details of each train route, time, and destination. 


of a standby train from a siding to the station plat- 
form, if train is later than a predetermined time. 

In normal operation, the program machine signals 
the trains strictly in accordance with the timetable 
punched on the sequence program roll. As each 
train approaches, the destination shown on the train 
describer is checked with the destination on the 
program roll. If these agree, the signals clear imme- 
diately. If there is a disagreement, the program 
machine delays signaling the train for one minute 
and sounds an alarm in a central supervision office. 
If no countermanding action is taken by the office 
personnel, the sequence machine routes the train 
in accordance with the train description. A push- 
button is provided in the central supervision office 
so that the machine can be instructed to signal the 
train according to the program roll if the train de- 
scription is thought to be in error. 

The diagram, Figure 3, is a schematic of the pro- 
gramming control. The signal safety circuits are 
separate from the program circuits and are incorpo- 
rated in electropneumatic interlocking machines that 
are standard on all the London Transport lines. 
These machines, designed for pushbutton operation, 
have mechanically operated contacts that interlock 
all signaling and switching equipment to prevent 
unsafe functioning. The circuits of the program 
machine terminate in electropneumatic valves that 
control rotation of the shafts of the interlocking 
machine. Contacts on the shafts pick up the safety 
circuits. 

In the normal routine of automatic operation, the 
track circuit controls indicate the physical presence 
of a train to the sequence program machine. The 
latter checks the train describer for agreement, then 
sets the appropriate route. After the passage of the 
train, the track circuits initiate the stepping of the 
program roll to set up the next route. If a train 
fails to arrive on time, however, the coincidence 





FIG. 5. Installation of six programmers at 
Kennington station. The two units on 
the left are the time-operated machines 


FIG. 4. Details of track and 
platform layout at Kennington, 
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network checks along the approach track circuits 
after a two-minute delay. If the train is still missing, 
the machine sets the appropriate out-of-turn route 
and records an “A” or “B” signal in the relay store 
to denote the route on which the train has failed 
to appear. The output contacts of the storage re- 
lays inhibit the stepping of the program machine 
until the delayed train appears. When it does, cir- 
cuits from the relay store establish the proper route. 
The passage of the late train diminishes the count 
in the store; normal operation is resumed when the 
store is empty indicating “on time” conditions. 


Installation 


The diagram, Figure 4, shows the layout at Ken- 


nington station. Here, four sequence and two time- 
program machines, Figure 5, control service to the 
four platforms. Platform | and the loop junction 
leading to it are controlled by one machine. Trains 
can enter this platform directly from Morden in 
the south via track switch A. When Kennington 
is to be the terminus for southbound trains, the cars 
approach via the reversing loop, ready for return 
northbound. The program machine normally op 
erates the signals to bring trains into the platform 
in their programmed order. In the event of some 
interruption to the service on the line from Morden, 
the program machine keeps this route open for two 
minutes beyond the arrival of the signal from the 
time machine. It then checks along the track cir- 
cuits (blocks B and C) for the programmed train. 
If it is not present, the track circuits in the loop 


Block & 


(block D and E, signal F) are interrogated to ascer 
tain whether a train is waiting in the loop. The 
route would then be set up by signal F to bring the 
waiting train from the loop into the platform, ahead 
of its turn on the program. Information on this 
out-of-turn operation is stored and the program ma- 
chine prevented from stepping. The relay store 
allows up to five trains to be sent ahead out of 
programmed order. As soon as the train from 
Morden appears on the track circuits, the relay store 
immediately brings it into platform 1. Departure 
of this train reduces the count in the store; each 
successive train from Morden is signaled through 
until the store is cleared. 

The central supervision room at Leicester Square 
station, in the center of the line, is equipped with 
repeater machines, which are identical to the pro- 
gram units except that the feelers are disconnected. 
I'he repeaters are synchronized with the program- 
mers at Kennington and the other junctions by 
means of a separate row of holes on the roll. The 
typed information on the repeater rolls gives the 
supervisor details of the train service throughout 
the line. At the central control, four buttons are 
provided for each machine to deal with emergencies 
such as train cancellations. When control is advised 
that a particular train is canceled, its position on 
the program roll is checked and the appropriately 
numbered button pressed. Relay circuits in the 
programmer count the trains passing through; when 
the deleted number is reached the machine steps 
twice, passing over the canceled train. 
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MOTOR GENERATORS 


HOLD DOWN OUTPUT NULL TO 0.003 AND 0.006 V. 


Daystrom Transicoil has whittled the null output 
voltages of its Size 9 and 11 Motor Generators down 
to a slim 0.003 and 0.006 respectively. Signal to noise 
ratio gets a big boost up to 120:1 for Size 9 and 100:1 
for Size 11. Linearity is within .25%. A wide range 
of gear ratios can be furnished. 

Complete specifications with drawings and charts 
are yours for the asking. Other types and sizes of 
motor and motor generators are also available. And 
be sure to get complete details on our new synchro 
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line. Daystrom Transicoil, Division of Daystrom, 
Inc., Worcester, Montgomery County, Pa. Phone: 
JUNO 4-2421. In Canada: Daystrom, Ltd., 840 
Caledonia Rd., Toronto 19, Ont. Foreign: Daystrom 
International Div., 100 Empire St., Newark 12, N.J. 


SEE US AT THE WESCON SHOW-—BOOTH 3209 


tA 
YSTROM TRANSICOIL oivision oF pDayvstrom, ine. 


Representatives in Canada and Other Foreign Countries 
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Some Dc Current 
Relationships in Transistors 


ALBERT N. DeSAUTELS 
Maico Electronics, Inc. 


Control systems in general have an innate 
need for direct-coupled dc amplifiers. Basic 
to the development of transistorized de am- 
plifiers is an understanding of the de current 
relationships in the transistor. Here are some 
of these de current considerations in ready 
reference form. 


The pnp and npn junction transistors of Figure 1 
can be regarded as a pair of diodes with a common 
connection. One of these diodes, biased in the for- 
ward direction, represents the emitter-base junction. 
The other diode, biased in the reverse direction, 
represents the collector-base junction. The reverse 
current of the inverse-biased collector-base junction 
is controlled by the forward current of the forward- 
biased emitter-base junction. The general relation- 
ship for the dc currents in the transistor under these 
conditions is 

I, = Ii + I. (1) 

With no current flowing through the emitter base 
junction, a leakage current I,., flows through the col- 
lector base junction. This leakage current, not con- 
trollable by the emitter, is related to the amplitude of 
the inverse voltage between collector and base, and 
is extremely temperature-sensitive. The total collec- 
tor current, I,, consists of current due to carriers 
transferring from the emitter, plus the relatively small 
leakage current. The transfer of carriers is in the 
ratio al, where a (nearly unity) is the de short-circuit 
gain of the common-base connection (base common 
to input and output circuits, as in Figure 1), There- 
fore, 

Ie = al, + Teo (2) 
or from Equation | 
I, =1,.(1 — a) — Tee (3) 
Another important relationship is 


Fig. 2 DC Current Relationships 
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FIG. 1. A—Pnp transistor must be biased with voltages of polar- 
ities indicated; currents then flow as shown. B—Npn transistors 
require opposite bias, have opposite current directions; but, 
absolute dc current relationships are identical with pmnp’s. 


B 
ss (4) 
where 8 is the dc short-circuit current gain of the 
popular common-emitter connection. It is useful to 
express each of the direct currents in terms of the 
remaining two and the common-base current gain 
a, or the common-emitter current gain, B. These re- 
lationships can be obtained from the expressions of 
Equations 2, 3, and 4, and are tabulated in Figure 2. 

The current directions shown in Figure I represent 
true directions, and the general relationships of 
Figure 2 are applicable to either pnp or npn junction 
transistors using absolute current values. Figure 3 is 
a conversion graph for the short-circuit current gains 
of the common-base and the common-emitter con- 
figurations. 


a= 


FIG. 3. Ready-reference plot of relationship between @ and B. 
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TEKTRONIX TYPES 
545A, 541A, 535A & 531A 


Type 545A 
Fast-Rise Oscilloscope 
with Sweep Delay 


VERTICAL SPECIFICATIONS 
DC-to-30 MC passband, 12-mysec risetime, 50-mv/cm deflection 
factor with Type K Plug-in Preamplifier. 
Many other plug-in units available for specialized applications. 
Signal delay permits observation of leading edge of waveform 
that triggers the sweep. 


HORIZONTAL SPECIFICATIONS 
Two Time-Base Generators— 

Time Base A—0.1 psec/cm to 5 sec/cm in 24 
calibrated steps. 

Continuously adjustable from 0.1 yusec/cm to 12 sec/cm. 

5x magnifier increases calibrated range to 0.02 psec/cm. 

Single sweep provision for one-shot applications. 

Time Base B—Also functions as a sweep delay generator. 
2 usec/cm to 1 sec/cm in 18 calibrated steps. 


Sweep Delay -Two modes of operation 
Triggered—Delayed sweep started by signal under obser- 
vation. Steady display, even of signals with inherent jitter. 
Conventional— Delayed sweep started by delayed trigger. 
Time jitter less than one part in 20,000. 


Range of Delay—! sec to 10 sec in 18 calibrated ranges, 
each range divisible into 1000 parts by 10-turn control with 
incremental accuracy of 0.2%. 


OTHER CHARACTERISTICS 
10-KV Accelerating Potential 
Amplitude Calibrator —0.2 mv to 100 v. 
Electronically-Regulated Power Supplies 


Price—Type 545A, without plug-in units...... 


Type 535A Wide-Band Osci 


Silicon Rectifiers to replace Selenium ...in power 
supplies of other Tektronix Oscilloscopes. 


Field Modification Kit 040-202 $60 


Field Modification Kit 040-201 $60 





jdesigeed ff 


EASIER OPERATION 


Simplified Panel Layout. 

Color-Correlated Controls. 

Single-Knob Sweep Time Control. 

Simplified Display Control. 

Internal Triggering for Sweep Delay. 

Single-Knob Calibrator Control. 

Improved One-Shot Sweep Operation in 
Types 535A and 545A. 


HIGHER PERFORMANCE 


New DC-to-15 MC Vertical Amplifiers in 
Types 531A and 535A. 

New Wider Sweep-Delay Range in 
Types 535A and 545A. 


GREATER RELIABILITY 


New Frame-Grid Twin Triodes Replace Older Types. 
Silicon Rectifiers Replace Selenium in Power Supplies. 


Type 541A Fast-Rise Oscilloscope 


Same as Type 545A, except that it does not have Time-Base B or 
provision for sweep delay or single sweeps. 

Price—Type 541A, without plug-in units $1200 
with Sweep Delay 

Same specifications as Type 545A, except for main vertical amplifier. 
DC-to-15 MC passband, 23-musec risetime, 50-mv/cm deflection factor 
with Type K Plug-in Preamplifier. 

Price—Type 535A, without plug-in units 


Type 531A Wide-3and Oscilloscope 


Same as Type 535A except that it does not have Time-Base B or provision 
for sweep delay or single sweeps. 
Price—Type 531A, without plug-in units $995 


Rack-Mounting Models Also Available 


Field Modification Kits 


for all Tektronix plug-in oscilloscopes EXCEPT Type 
532, Type 536, Type 531 with serial number under 
7601, Type 535 with serial number under 8628. 


for Type 531 serial numbers 101 through 7600 
for Type 535 serial numbers 101 through 8627 








Prices f.o.b. factory 


Tektronix, Inc. 


P.O. Box 831 + Portland 7, Oregon 
Phone CYpress 2-2611 * TWX-PD 311 © Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albertson, 1.1. N.Y. + Albuquerque * Atlanto, Go. * Bronxville, 
N_Y. * Buffalo + Cleveland * Dallas * Dayton * Elmwood Pork, Ill. + Endwell, N.Y. * Houston 
Lathrup Village, Mich. + East Los Angeles + West Los Angeles * Minneapolis * Mission, Konsos 
Newtonville, Mass. * Orlando, Flo. * Palo Alto, Calif. + Philadelphia + Phoenix * San Diego 
St. Petersburg, Fle. + Syracuse * Towson, Md. * Union, N.J. * Washington, D.C. + Willowdale, Ont 


TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics, Portland, Oregon , 
Seattle, Wosh.; Hytronic Measurements, Denver, Colo., Salt Loke City, Utoh. 


Tektronix is represented in 20 overseas countries by qualified engineering organizations 
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Comparators for Use in 
Automatic Evaluation Systems 


THE GIST: Performance comparison is the key. Whether you're checking 
out the complex control system on a missile or testing and inspecting 
equipment flowing from a production line, the object is to compare actual 
characteristics or performance with desired ones, preferably in an auto- 
matic go/no-go manner that doesn’t require operator judgment. In the 
August 1958 issue of CtE, author Klivans described five widely different 
automatic testing systems. This time he pinpoints the key item in these 
systems, the comparators, and discusses typical optical, mechanical, thermal, 
and electronic methods of automatically comparing static and dynamic 
characteristics. Also listed are typical commercially-available devices that 
can be used to make up these comparators. 


L. S. KLIVANS 
Radioplane, a division of Northrup, Inc.* 


In an automatic evaluation system such as the one 
shown in Figure 1, the comparator takes the desired 
value of a performance parameter, as entered into the 
system from the programmer, and compares it with the 
actual value as obtained by test. For the parameter to be 
acceptable, the difference between actual and desired 
must fall within a tolerance band established by the 
programmed instructions. If the parameter is out of 
tolerance, the system normally alerts an operator to 
make an adjustment or to reject or replace the equip- 
ment under test. 

The type of comparator that is used in these systems 
depends on the type of phenomenon being evaluated, 
the required accuracy, and the justifiable reliability and 
cost factors. The basic forms of comparison in which 
a meter, oscilloscope, or recorder, etc., is read by a 
human operator who then compares the value against 
a check sheet or other reference, are not discussed. The 
types of comparators that are of interest are those ap- 
plicable to semi-automatic or fully automatic check-out 
equipment, where the difference quantity is monitored 
with respect to a preset tolerance band and an audible 
or visual signal, or a printed record presented to the 
operator. ‘This indication is only of the go/no-go or 
lo/go/hi variety. The comparators covered here make 
use of optical, mechanical, thermal, and electrical oper- 
ating techniques. 


Optical, mechanical, and thermal comparators 


Optical comparators monitor system performance by 
using a light source and by replacing the human eye 
with a light-sensitive detector. Many different system 


* Now with U. S. Science Corp. 


Equipment 
under Comporator 
test 


Programmer 


FIG. 1. Simplified diagram shows function of 
comparator in automatic evaluation systems 


parameters can be evaluated by means of photocells, 
oscilloscopes, and the newly developed solid-state light- 
sensitive devices. Figures 2 through 4 show typical 
optical comparators that are recommended primarily 
for low-cost production-line flow monitoring, or for 
varifying the dynamic performance of audio and radio- 
frequency control systems. 

Mechanical comparators are limited primarily to 
monitoring changes in such variables as position, 
velocity, torque, force, and pressure. Only purely 
mechanical devices are covered under this category: 
electromechanical comparators are included in the elec- 
tronic classification. Thus mechanical comparators are 
limited to mechanical or pressure switches operated 
directly from a mechanical output of the equipment 
under test. Figures 5 and 6 show typical units. 

To evaluate the performance of temperature-control 
systems, a restricted variety of thermal comparators can 
be used, as shown in Figure 11. This type of device 
uses temperature-sensitive elements, such as therm- 
istors or thermocouple switches, that actually monitor 
the temperature being controlled. These are con- 
nected to give a bistatic indication of whether the 


AUGUST 1959 





control system is operating within the prescribed limits. 
Electronic and electromechanical comparators 


The most common type of comparator is electronic 
or electromechanical. Further segregation into analog 
or digital is possible, depending on the overall mech- 
anization of the automatic evaluation equipment. The 
analog comparator is normally simpler, less costly, and 
more reliable, while the digital variety is far more 
versatile and more accurate. 

The most common analog comparator consists of 
relays with a buffer amplifier for isolation and power 
amplification. Figures 7 and 8 show typical units. 
The relays can be replaced with numerous types of 
electronic switches, such as thyratrons, diodes, tran- 
sistors, vacuum tubes, or magnetic amplifiers, Figure 9, 
if high-speed comparison is required. Figure 10 shows 
another common analog comparator, one that uses an 
electromechanical chopper-type modulator plus differ- 
ence amplifiers operating relays. This configuration is 
recommended for comparing de signals, since drift is 
eliminated and regulated power supplies are not required. 

These electromechanical and electronic analog com- 
parators can readily be extended to handle any type of 
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FIG. 2. Production-line flow-speed comparator using photocells. 
Base speed is established by the frequency at which photocell 1 is 
interrupted. Time-base generator sets a tolerance on either side of 
this base speed. Indication is slow, go, or fast, depending on where 
the frequency at which photocell 2 is interrupted falls with relation 
to tolerance band. Technique can be used to check holdup in a 
process or approximate synchronization of two production lines. 
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FIG. 4. Signal phase comparator using photo-sensitive transistors. 
If the output signal from the system under test is exactly in phase 
with the reference, the top transistor conducts and the in-phase go 
lamp lights; if exactly out of phase, the bottom transistor conducts 
and the out-of-phase go lamp lights. Intermediate phase relation- 
ships are indicated by the no-go lamps. 
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parameter—frequency, pressure, position, velocity, etc.— 
by providing the comparators with transducers to give a 
proportional voltage. 

The difficulty of programming accurate analog tol- 
erance settings to the above types of comparators can 
be overcome by going to a digital comparator. This 
works particularly well for automatic evaluation systems 
that use punched-card, punched-tape, or magnetic-tape 
programmers. The tolerances are inserted into the com- 
parator using coded information prespecified into the 
programmer. Extremely accurate comparison is pos- 
sible; the difficulty arises in converting all of the param- 
eters being evaluated into a suitable digital form. 
Figure 12 shows a typical digital comparator. 

The table following the figures lists typical com- 
mercially-available comparators and equipment that can 
be used to custom-design comparators. 


BIBLIOGRAPHY 
. ELECTRONIC INSTRUMENTS, J. A. Greenwood, J. V. 
Holdam, and D. Macrae, McGraw-Hill Book Co., Inc., New 
York, 1948. 


. ELECTRONIC ANALOG COMPUTERS, G. A. Korn and 
T. M. Korn, McGraw-Hill Book Co., Inc., New York, 1952. 
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FIG, 3. Optical comparator using oscilloscope and _light- 
sensitive cadmium sulphide plates to check transient 
response of control system. Cardboard mask of the proper 
shape covers the go region, so that if the system responds 
correctly, the go lamp remains lit. Response outside of go 
region exposes cadmium sulphide plates to light from 
oscilloscope trace and energizes either hi or lo lamp. 





MECHANICAL COMPARATORS 





Load stand 


Control 


FIG. 6. Mechanical stall-torque comparator. In the 
arrangement shown here, calibrated force-sensitive 
switches indicate that minimum required stall torque 
is being exerted in either direction. No-go condition 
exists if the proper go lamp is not lit. 
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FIG. 5. Straightforward mechanical-position compara- 
tor used to check three specific output positions of an 
electrohydraulic servo. Comparator gives go indica- 
tions for the two hardover positions and for the neutral 
position; no-go in-between positions are indicated by 
none of the lights being lit. Simple switches do the job. 








ELECTRONIC AND ELECTROMECHANICAL ANALOG COMPARATORS 
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FIG. 7. Relays form electromechanical voltage comparator. 
When both relays are deenergized, a no-go condition is indi- 
cated. Go lamps light on proper increasing or decreasing 
voltage characteristics, with tolerance settings determined by 
the pull-in voltage adjustment on the two relays. 
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FIG. 8. Electromechanical voltage comparator using com- 
metcially-available contact meter relay. The upper and 
lower tolerances can be manually adjusted on the meter. In 
this configuration, the meter remains locked in the no-go-hi 
or no-go-lo position once either out-of-tolerance contact is 
made. Reset button returns meter to normal if voltage con- 
dition has been corrected. 


FIG. 9. Electronic voltage comparator using’ dc operational amplifier. 
Programmer selects the proper output terminal of the equipment under 
test while at the same time adjusting the internal parameters of the 
comparator to yield the correct rejection tolerance signal. A com- 
parator such as this can be made considerably more flexible and precise 
than a relay type unit (but it is considerably more expensive). 
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FIG. 10. Electronic voltage comparator using a suppressed-catrier chop- 
per modulator. At any one time, modulator output feeds measured 
value to coincident gate on one channel and either high or low tolerance 
value on the other channel. Thus, the measured value is alternately 
compared with the two limits of the tolerance band. The relay responds 
in accordance with this comparison. 
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THERMAL COMPARATOR 


FIG. 11. Temperature comparator used for monitoring safe 
operating conditions for equipment under test or for on-line 
systems. Thermostat, thermistor, or thermocouple actuated 
temperature limit-switches close to indicate excessively high or 
low conditions. Satisfactory operating environment is present 
when neither lamp is lit. 





DIGITAL COMPARATOR 


FIG. 12, General configuration of a digital comparator. 
These comparison systems can be made accurate and 
flexible; but they cost more than the analog comparators, 
and there is always the problem of converting all of the 
parameters that are measured on the equipment under test 
into digital form. 





Analog- Digital 
to-digital [Measured quontity 8. 
A 


converter 





Digita! 
comparator 

















= | Programmed digital 

Equipment high tolerance 
under Programmer 
test 





Znz 




















Programmed digital 
low tolerance 











| | y 
S$ DaE iS 5) 


@h 


Typical Commercial Comparator Assemblies and 
Building Blocks for Comparators* 





Classification 


Manufacturer and 
part number 


Description and remarks 


Description and remarks 


Seesatiinttion Manufacturer and | 


part number 





Electromechanical 
voltage or current 
analog-type 
comparator (contact 
meter relay) 


Assembly Products, Inc. 
Palm Springs, Calif. 


Model 461-C 


Indicating meters with built-in re- 
lay contacts. One contact is carried 
on the moving element of the meter; 
the other contacts on adjustable 
pointers. Numerous sizes, ranges, 
and contact configurations are avail- 
able for ac and dc current and 
voltage. Also available are thermis- 
tor-actuated meter relays for tem- 
perature comparison 





Optical 
comparator 
(photo-retay) 


Sigma Instruments, Inc. 
South Braintree, Mass. 


Cdc Photo-relay 
Model 1 


Intended for eee applica- 
tions. A Sigma Type 41 spdt ac relay 
is combined with a broad-area cad- 
mium sulphide photocell. Contact 
rating is 3 amps resistive at 115 
volts ac for 100,000 cycles. Operates 
at 5 foot-candies and releases at 
0.1 foot-candies at 115 volts ac, 
50/60 cps, 25 deg C. Operate and 
release values inversely proportional 
to source voltage. Two operations 
per sec guaranteed. Peak response 
with tungsten light source at 2,854 
deg K is 5,000 to 6,000 Angstroms. 





Thermal 
comparator 
(thermostat) 


Valverde Labs. 
New York 12, N. Y. 


VAL 90 
Miniature thermostat 


Precision-set, reliable, miniature 
thermostat. It is of the friction- 
couple, snap-action, minimum-dif- 
ferential type, with a capacity of 
40 watts at 30 volts ac or dc, or 
100 watts at 120 volts ac or dc. Set- 
tings to 300 deg F are available, 
with accuracy of plus or minus 3 
deg F and differential of 3 deg F. 





Lo-go-hi analog- 
type voltage 
comparator 


Pomona Div., 
Marquardt Aircraft Co. 
Pomona, Calif 


Model 1121 


Used to determine whether test voit- 
age is above, below, or within ac- 
ceptable tolerance band. Tolerance 
settings are adjustable from plus or 
minus 0.17 percent to pilus 100 per- 
cent, minus 50 percent, with five 
different limits available. The un- 
known voltage must be between 5.0 
and 20.0 volts dc. Reference voltage 
requirements are 10 volts dc plus 
or minus 0.03 percent at 10 milli- 
amps. Input impedance is 1.0 meg- 
ohm and response time is 0.25 sec 





Differential- 
error-detector 
analog-type 
comparator 





Pomona Div., 
Marquardt Aircfaft Co. 
Pomona, Calif. 


Model 1122 


This instrument is used to de- 
termine the magnitude of the error 
between the unknown test signal 
voltage and a highly accurate stand- 
ard reference voltage. Comparator 
output is linearly proportional to the 
difference. The unknown voltage can 
range from 0 to 20 voits dc, and in- 
put impedance is 1 megohm. Evalua- 
tion accuracy is plus or minus 0.1 
percent or 10 millivolt. Any input 
signal from 10 voits plus or minus 
0.2 percent to 10 voits plus or minus 
100 percent can be made to produce 
an output of plus or minus 2 volts 
dc. Output is linear up to plus or 
minus 10 volts dc, and an output 
current of 10 milliamps at 10 voits 
dc is available. 








*This list only samples commeycially-available devices than can do the 
job; there is no intention to be complete. Further, widely used devices 
such as thermistors and precision switches are not mentioned even 
though they are very useful in automatic evaluation systems. 





Digital elements Navigation Model 113A four-input amplifying OR 
for developing Computer Corp. tri-unit contains three individual OR 
comparators Philadelphia, Penn. circuits, each having four inputs and 
two amplified outputs. Both positive 
and negative 10-volt output signals 
are available. Mode! 117A exclusive 
OR tri-unit performs the logical 
functions of exciusive OR or mate- 
rial equivalent. 


Model 113 tri-input amplifying-gate, 
decode unit consists of 10 individual 
gates, each with three inputs and 
an amplified output. A 10-input OR 
circuit is also included for mixing 
one to 10 outputs on a common bus 
In addition, there is a common 
amplifier for driving from one to 10 
gates simultaneously 


Model 115A pulse standardizer tri- 
unit is used primarily to convert 
pulses from any standard source into 
standard 2.5-volt microsec pulses 
for the other NAVCOR units. There 
are three standardizing flip-flops 
with automatic reset and a 2.5-volt 
pulse standardizer. Other modules 
include pulse generators, binary 
counters, shift registers, and pulse 
delay units. 


Digital elements Ransome Research Several types of plug-in, transistor- 
for developing San Pedro, Calif. ized, printed-circuit digital computer 
comparators elements are available. All are on 
standard 442 x 5 in. cards with 
connection by a 22-pin printed cir- 
cuit connector. All units are rated 
for at least 500 kc operation, with 
higher speeds available. Basic ele- 
ments include: Series A3 and A4 dc 
logical gates. The gating circuits 
consist of an AND gate and an OR 
gate. All gates are provided with 
emitter-follower outputs to avoid 
loading the output and input. These 
two series are adequate for most 
gating and contro! problems, but 
special units can be provided for un- 
usual applications. The A3 units 
have five gates each with three 
AND inputs. The five gates are con- 
nected in various AND/OR combina- 
tions. The A4 units have four gates 
each with four AND inputs. The four 
ates are connected in various 
ND/OR combinations. Also avail- 
abie are binary-decimal counters, 
flip-flops, and shaping amplifiers. 


Complete digital Pomona Div., Compares digitized response data 
comparator Marquardt Aircraft Co. from a system under test with upper 
Pomona, Calif. and lower digital reference signals 
from an external reference unit. The 
Model 1123 comparator will handle 12 bits of 
information for each of the refer- 
ences and for the unknown data. The 
shift rate is 50 kc and a 20-volt 
peak-to-peak pulse with an input 
rise time of not less than 1 micro- 
sec is required. Comparison accura- 
cy is one out of 12 bits, and relay 
contacts are provided to indicate go, 
NO-go, N0-go-lo, and no-go-hi. 




















New concepts 

in modular 

micro- miniaturization... 
by 

Bulova 





Put Bulova capability behind your program 


Bulova is implementing and shaping new concepts in micro-miniaturization, high- 
density packaging and micro-modular construction. 


Bulova craftsmen, toolmaking and production facilities are geared to mass 
production with tolerances of less than .0003". Watch gaging and quality control 


techniques provide definite savings in precision assembly. - B U | @) V A 
Experience in precision design, in precision manufacture, is the Bulova capability. 
Has been for over 80 years. For more information write — 


Industrial & Defense Sales, Bulova, 62-10 Woodside Ave., Woodside 77, N.Y. 
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Applying the 
Digital Computer to 
Open-Hearth Operations 


This article is based on an engineering proposal prepared by GPE Controls, inc. for 
several steel companies. The proposal describes how to apply a digital computer 
and its electronic automatic control instruments to open-hearth furnace opera- 
tions. The proposal covers 140 pages detailing function, construction, and opera- 
tion of each instrument and control device, and explaining how this equipment is 
integrated into a control system capable of improving furnace operations. Its 
publication here, in abbreviated form, will be of value to engineers and manage- 
ment investigating computing-control. The proposal represents hundreds of engi- 
neering man-hours spent in analyzing process operation, consulting users, and 
designing the system. The application is a specific example of using a computer 
for plant control, yet much of the information contained herein, for example the 
section on English programming in which the user defines process operation for 
the computer, can be extended to other processes. For the steel industry, installa- 
tion of such a computer-logger system will be a major step toward eventual 
closed-loop control. Other industries may be able to more immediately use the 
computer for closing the loop. HRK 


Engineering Staff, GPE Controls, Inc. tem and central control panel. The operator man- 
ages his furnace with these instruments independ- 
ently of other furnaces, setting furnace variables and 


observing process conditions. Causes of delays, cost 


An open-hearth shop contains 10 to 20 furnaces, 
each furnace operated by a melter and his helpers. 
Scheduling and production is directed by a shop 
superintendent. Open-hearth production of steel 
is a batch process, a heat taking about eight to 10 
hours. Furthermore, the open-hearth process is 
regenerative; two halves of the furnace (checkers) 
are used alternately. Heat energy stored in one 
checker—which has been tapped at the completion 
of its heat—raises the temperature of the combustion 
air for the other checker and thereby increases fur- 
nace efficiency. The regenerative operation is auto- 
matically carried out by furnace reversal control, 
one of many controls for each furnace. 

Each furnace has its own automatic control sys- 
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of fuels, knowledge of furnace characteristics, and 
similar information are important to the shop super- 
intendent in getting maximum efficiency from his 
shop. He needs up-to-date information on furnace 
operations to schedule production. The data proc- 
essing capability of the digital computer, tied in 
with the automatic control system for each furnace, 
can give him this information quickly and auto- 
matically. One computer can serve many furnaces, 
12 in the present case. The computer also provides a 
fixed schedule of heat sequences as standardized op- 
erating guides, and sounds alarms if the allotted times 
are exceeded. The computer does not reset control- 
lers, although there is some feedback from the com- 
puter to controllers and operators. 





AUTOMATIC CONTROL SYSTEM FOR THE OPEN-HEARTH FURNACE 


The open-hearth automatic control system maintains 
furnace conditions set by the operator. Panel-mounted 
indicating and control instruments, set-point stations, 
trend recorders, and selector switches centralize infor- 
mation for the operator. Signals from furnaces also 
go to a computer-logger, which give shop supervisors 
typed records during, and at the completion of, each 
heat. Built-in failsafe features promote safety. 

The ability of the control system to maintain oper- 
ating conditions during the heat contributes to furnace 
efficiency and smooth operation. Each controlled vari- 
able affects furnace performance in a different manner. 
Their control loops, while described independently, 
form a complete, fully integrated system. 

Total Heat Input and Roof Temperature Control— 
(Figure 1) Before roof temperature reaches its al- 
lowed maximum, the manually set heat input control 
limits total furnace heat input to an amount that can 
be efficiently absorbed by the charge and checkers. This 
reduces smoke stack losses to a minimum. When roof 
temperature reaches maximum, the roof temperature 
control generates a signal which bucks other summar- 
izer amplifier inputs and automatically reduces manual 
heat input so that roof temperature is maintained 
within allowed limits. The control continually meas- 
ures three roof temperature points and the computer 
(described later) determines the point with highest 
temperature and switches control to this point. 

Total Fuel/Combustion-Air Ratio and Waste-Gas 
Oxygen Content Control—assurés good combustion re- 
gardless of fuels used or firing rate. It meters directly 
burner fuels flow rates and combustion air, and indi- 
rectly, by waste-gas analysis, the amount of combustibles 


tains, regardless of firing rate, the ratio necessary for 
optimum fuel-oil atomization, thus assuring proper 
flame shape and optimum combustion. A switch selects 
either natural gas or steam as the atomizing medium. 
The same ratio set-point station is used for both atom- 
izing mediums. 

Furnace Pressure Control—maintains the ambient 
pressure over the hearth slightly above atmospheric 
pressure outside the furnace, to prevent infiltration of 
cold air or excessive loss of hot combusion products. 
Cold air cools the charge, so that more fuel is required 
to keep it at the desired temperature; it also increases 
the volume of combustion products and thus increases 
stack losses. However, too high a pressure causes exces- 
sive leakage around the seals of the furnace service open- 
ings, with subsequent damage to the brickwork. Repair- 
ing such damage increases furnace down time. 

Automatic Reversal Control—promotes safety and 
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FIG. 2. Flow transmitter (for orifice plate). 


improves furnace efficiency in four ways. This control: 
© provides a correct and fully interlocked sequence of 
closing and opening reversing valves during reversal, 

> provides a purge period, preventing explosions of 
air and combustible mixtures, 

© reduces reversal time, allowing more time for firing, 
and 

> controls firing time as a function of either checker 
temperature or fixed time. Normally, reversal is initi- 
ated by checker temperature, so that only the “cream” 
of checker heat is used—yielding high combustion-air 
temperature and thus high flame temperature. 

Coke Oven Gas Control—maintains supply of coke 
oven gas, a supplementary fuel, at a flow rate set by 
operator. 

Metallurgical Oxygen Flow Control—maintains sup- 
ply of metallurgical oxygen at a flow rate set by the open- 
hearth operator. 


Electronic control equipment 


The electronic control system consists of transmitters, 
controllers, actuators, indicators, recorders, and control 
panel. One feature of GPE Controls’ electronic instru- 
ments is that the output of all! transmitters is 0-to-25 
vde for zero to full scale. (For description and output 
signals of electronic controls from six other makers, 
see Ref. 1.) Signals of this magnitude are not inter- 
fered with by electrical noise. Furthermore, indicators 
and recorders—simple dc voltmeters—have uniform 
scales calibrated to fit the variable being measured. 

Transmitters—are designed especially for heavy-duty 
service to withstand severe environments such as 
found in open-hearth shops. They measure flow, pres- 
sure, and temperature. For metering viscous materials, 
a positive displacement meter is coupled to a tachometer 
generator, 

For measuring less viscous materials, a force-balance 
flow transmitter is connected across an orifice plate. This 
flow transmitter, Figure 2, provides 0-to-25 vdce output 
directly proportional to flow. The transmitter operates 
in this manner: Differential pressure applied across the 
diaphragm positions the flag with respect to the light 
source and photocell. The signal from the photocell 
goes to the linear transistor amplifier. Amplifier de cur- 
rent output flows through the moving coil and electro- 
magnet. As a result, the moving coil is attracted to 
the electromagnet with a force proportional to the 
square of the current. This force is transmitted through 
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the balance arm to the range adjusting wheel, which in 
turn applies a force to the diaphragm lever arm to bal- 
ance the force exerted by it. The differential pressure de- 
veloped across an orifice plate is proportional to the 
square root of flow; but the transmitter current is the 
square of differential pressure. As a result, the current is 
linear with respect to flow rate. (The pressure transmitter 
is similar in construction to the flow meter, except therc 
is no electromagnet, and current is then proportional to 
pressure. ) 

Electrohydraulic actuator—is the power unit used 
throughout the system. It is fully self-contained, com- 
plete with oil tank, motor, pump, and control cylinder. 
The heart of the actuator is the familiar jet-pipe regu- 
lator (Ref. 1) with a receiver for the 0-to-25 vde sig- 
nal from transmitters. The electrohydraulic actuator 
eliminates hydraulic piping; only wires for signal leads 
and power to the pump motor are needed at the instal- 
lation. The system uses several actuator sizes, all identi- 
cal in principle but differing in available output power. 

Set-point Adjusting Station—positions actuator stem 
to give desired value of temperature, flow, pressure, heat 
input, etc. It is a simple unit without amplifier. A five- 
position switch—open, neutral, automatic, neutral, close 
—provides manual and automatic control. On auto- 
matic, 25 vde from a power supply is reduced by a 
set-point potentiometer to a value representing the 
desired control point. This voltage is compared with the 
transmitter signal; any difference moves the actuator’s 
control cylinder in the direction to return the difference 
to zero. On close, full 25 volts of one polarity positions 
the control cylinder to close the valve. On open, 
polarity is reversed, fully opening the valve. On neutral, 
a solenoid operates the actuator’s shutoff valve, locking 
the control cylinder in its last position. 

Ratio Adjusting Station—changes the proportion of 
two or more flows. It is a simple unit, without ampli- 
fier for two flows, with power amplifier for more than 
two flows. It is similar to the set-point adjusting station, 
except that signals from the transmitters (of flows to 
be ratioed) are modified, one by a fixed voltage divider, 
the other by a ratio potentiometer. The modified volt- 
ages are compared; if any difference exists the resulting 
signal positions the valve to restore the desired ratio. 
The ratio pot has a scale calibrated 0.5 to 1.5. When 
the ratio adjusting station proportions more than one 
flow on either or both sides, scaling resistors bring the 
signals to a common denominator. An amplifier is used 
when power is dissipated in the scaling resistors because 
of an unfavorable scaling ratio. A selector switch pro- 
vides the open, neutral, automatic, neutral, close con- 
trol as in the set-point adjuster. 

Three-Term Controller—is used instead of the set- 
point station where the controlled process has an 
inherent time lag or creates unstable conditions. The 
controller has adjustable proportional, reset, and rate 
actions. Its output operates a positioning type electro- 
hydraulic actuator. The basic parts of the controller 
are: set-point adjuster; amplifier; measured-variable, set- 
point, and valve-position indicators; manual/automatic 
selector and position set-point adjuster; and response 
control (reset and rate action). Amplifier output when 
used with actuator is 1-to-5 ma dc; when connected to 
summarizing circuit, output is converted to desired 
voltage by scaling resistors. 

Indicators—are d’Arsonval de voltmeters, with 7- or 





14-in. calibrated scales. Zero adjustment on each meter. 

Recorders—are two-pen, strip chart units with 0-to-25 
vde input. Scale is linear, 4 in. wide. Recorders are 
force-balance type, with simple amplifier for each pen. 
Incoming signal displaces balance beam, upsets oscillator 
which causes amplifier to vary its output to a rotary 
solenoid. Solenoid operates pen and feeds back to bal- 
ance beam. 

Control Panel—is totally enclosed, completely wired 
to terminals. Instruments, set-point stations, and 
switches are arranged for easy operation and complete 
process supervision. Three pilot lights and 14-in. indi- 
cators give temperature indications. Seven-in. indicators 
are used for other variables. The panel has three two- 


pen recorders, one for waste heat boiler inlet and out- 
let draft; the others (total of four pens) record other 
variables to indicate furnace trends. Each pen has a 
six-position selector switch, each position corresponding 
to a different variable. Thus, any four furnace variables 
can be recorded at the same time. 

Also on the panel front are process set-point adjust- 
ing stations and remote manual switches for reversing 
valves. Computer input switches, pushbuttons, and indi- 
cating lights, used by the operator, also provide the 
computer with information related to furnace operation. 
Two clocks are furnished, one indicates time of day, 
the other, reset to 12:00 at every tap, indicates heat 
elapsed time. 


USING DIGITAL COMPUTER-LOGGER ON OPEN-HEARTH FURNACES 


The main objectives of the LIBRATROL-500 com- 
puter system are to increase open-hearth efficiency and 
yield. To accomplish this, the computer performs two 
separate, but related, functions. It: 

scans, computes, and logs furnace data, and 

> provides scheduling guides to operators 
Studies of open-hearth shops show that these functions 
would shorten heat time, increase furnace life, improve 
product quality and consistency, and reduce accounting 
and fuel costs. 

Figure 3 shows the computer (in the superintendent's 
office) and connections between it and the operator’s 
station and control system on the furnace floor. The 
computer, a general-purpose machine, has a magnetic- 
drum memory which stores input data from furnaces 
and operators, programs for processing the inputs, and 
heat schedules for different steels. The programs con- 
tain the detailed logical procedure, determined by 
analysis of the open-hearth shop, to carry out furnace 
operation in an efficient manner. 

The computer-logger control system is a combination 
of selected equipment providing compatability of sig- 
nals. A voltage-to-<digital converter assures compatabil- 
ity between the 0-to-10 vdc analog signals from the auto- 
matic control system (reduced from 
0-to-25 volts by a voltage divider) 
and the computer’s digital inputs. 
Other inputs to the computer are 
in the form of presence or absence 
of signals; these binary-coded signals 
are inherently compatible with the 
computer. Another example of 
equipment compatability is that 
computer command-signals synchro- 
nize the speed at which computer 
outputs are logged on printers. A 
brief description of the LIBRA- 
TROL-500 is given in Table I. 


Computer inputs 
The computer receives inputs 
from furnaces and from operators, 


Figure 3. In general, furnace inputs 
are associated with the computer’s 


furnace inputs are from transmitters also used. in the 
control loops. The operator inputs are from transmitters 
located on the control panel on the furnace floor: 

heat program transmitter—a six-position switch, 
each position producing a de voltage which, after digital 
coding, selects a predetermined schedule of time in- 
tervals stored on the drum. 

> heat cycle transmitter—a six-position switch for 
manually advancing a selected heat Po from off 
through makeup, charge, hot metal, melt, and tap 
sequence, Table II 

delay transmitter—an eight-position switch that 
codes for identification eight furnace delays which may 
occur during the heat program if the operator does not 
complete a heat-program cycle in the allotted time 
stored on the drum 


Computer outputs 


The computer system has three output modes: 

> printers—seven Monroe Model 203 printers are 
supplied; six log data from 12 furnaces; the seventh logs 
special test data and daily fuel totals 

> furnace-and-printer selector—a matrix of 16 mer- 
cury-wetted relays selecting 16 groups of inputs: 12 
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FIG. 3. LIBRATROL-500 system for open-hearth furnace monitoring 





Table | LIBRATROL-500 Digital Computer 





Manufacturer: Librascope, Inc. 
Distributor: GPE Controls, Inc. 
Computer type: general-purpose digital 
Number base: binary 
Mode of operation: serial 
Instruction type: single address 
Number of different Instructions: 16 
Memory: magnetic drum 
Memory capacity: 4,096 words 
Word length: 30 binary bits plus sign 
Input switching: Integral to system 
Input switching speed: 200 per sec max 
Input switching capacity: expandable design — to fit 
system requirements (maximum 1,024) 
Internal, 1 millisec conversion time 
by computer command 
0-10 vde 
+ 0.1 percent of full scale 
expandable — to fit system requirements 


Voltage-to-digital converter: 
Input Sequencing: 

Input voltage range: 

Voltage conversion accuracy: 
Output channel capacity: 





Table Il HEAT SEQUENCES 





MAKEUP — period between heats for furnace repairs 

CHARGE — Initial filling of furnace with raw materials 

HOT METAL — period in which molten pig iron from blast furnace Is added 
MELT — period of refining steel to desired characteristics 

TAP — removing finished steel to ladies 





relays for the 12 furnaces; one each for daily-totals, 
special-test, and computer-maintenance programs; and 
one for a digital clock. Six contacts on each relay code 
the addresses for the furnaces and program and select 


GENERAL SYSTEM OPERATION 


To produce steel from the open-hearth furnace, the 
furnace operator (melter) receives a written production 
order for a specific type of steel, its heat program, and 
the settings for furnaces control during the heat pro- 
gram. Referring to Figure 3, the operator then: 

sets the furnace controls 

> selects the proper heat program stored in the com- 
puter memory 

P informs the computer which sequence the heat 
program is in at the moment 

P adheres to the scheduled program by observing the 
elapsed-time clock and the warnings of delay alarms 

P identifies any delays by positioning the furnace 
delay selector 


Normal data scanning and logging 


A digital clock in the LIBRATROL-500 provides a 
pulse every 0.01 hours (36 sec) which initiates the scan- 
ning period. Within this time, the computer selects, 
digitizes, scales, applies zero offset, linearizes, performs 
simple arithmetic, and stores on the memory drum a 
total of 216 points—12 furnaces each having 18 vari- 
ables. The programs for performing these operations 
are stored permanently on the drum. 

The total time for scanning and storing data from 
12 furnaces is less than 15 sec, leaving about 21 sec 
of the period for logging decisions and printing average 
furnace conditions. When 20 scanning periods have 
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their associated printers. In the locked position, the 
scanner is under control of the digital clock, but when 
the scanner is reset to No. 1 furnace, it is controlled by 
the computer to 5 omega select the 16 groups of in- 
put data. A signal from each selector relay energizes a 
corresponding furnace line relay which connects the 
variables to be measured to the telemetering lines to 
the computer 

> alarms—five relays, momentarily operated by com- 
puter output logic, indicate furnace delay and furnace 
reversal and direct the highest-reading roof temperature 
probe (of three probes, selected by the computer) to 
the total fuel/combustion-air ratio and waste-gas oxygen 
content control system 


Computer accessories 


Several accessories are required for complete com- 
patibility with transducers from the control system, for 
selecting inputs and for writing programs on the drum: 

> voltage-to-digital converter—is of the successive 
approximation type. Voltage range is 0 to 10 vdc. Its 
digitizing time is 1 millisec. Digitizing is under com- 
puter command 

® data scanner—is a matrix of mercury-wetted relays 
providing 64 channels. It sequentially scans the tele- 
metered variables of the furnace selected by the furnace- 
and-printer selector 

> Flexowriter—an electric typewriter with a paper-tape 
punch and reader, is the computer’s means of accepting 
manual inputs. A computer operator types out the 
program on the keyboard which simultaneously punches 
a tape. Run through the reader, the tape inserts pro- 
grams into the computer memory 


been completed the computer transfers to the averaging 
and printing program. That is, the computer adds the 
20 readings for each variable, divides the total by 20, 
and prints out the average value. Table III lists informa- 
tion for each furnace logged on the printer. 

In addition, the computer corrects the average flow 
rate values of natural gas, steam, metallurgical oxygen, 
coke oven gas, and air. The computer also totalizes fuel 
flow by multiplying average flow rates by elapsed time 
(since the previous average computation) and adding 
the product to totals stored in the computer from 
previous calculations. 

Normal scanning and logging continues for the dura- 
tion of the heat unless interrupted by another program, 
one of which is heat cycle logging. 


Heat cycle logging 


Totals of all measured flows are desired at the 
completion of each sequence in the heat program so 
that a cost analysis of makeup, charge, hot metals, melt, 
and tap sequences can be made. Initiation of heat 
cycle logging is accomplished manually or automatically. 
When the operator completes a sequence before the 
allotted time-interval stored in the computer, he ad- 
vances the heat-cycle switch to the next sequence. The 
logged data is shown in Table IV. On completing the 
printing of this information, the computer begins moni- 
toring the elapsed time of the next scheduled sequence 





Table Ill NORMAL DATA LOGGING 





hours and 0.01 hrs 
hours and 0.01 hrs 
number 

code number 
percent 

Inches of water 
deg F 

deg F 

deg F 


Time of day 

Elapsed time of heat 
Furnace identification 
Heat program selected 
Waste gas oxygen 
Furnace pressure 

Roof temperature 
Bath temperature 

Air checker temp. 
Combustion checker temp. deg F 
Checker temp. difference deg F 

Fuel oll flow rate gph 
Natural gas (or steam) flow rate Kilo cfh 
Air (btu) oxygen flow rate Mega btuh 
Metallurgical oxygen flow rate Kilo cfh 
Coke oven gas flow rate Kilo cfh 





Table IV. HEAT CYCLE LOGGING 





Fuel oll totals 

Natural gas (or steam) totals 
Air (btu) totals 

Metallurgical oxygen totals 
Coke oven gas totals 


Time of day 

Elapsed time from start of heat 
Furnace Identification 

Heat program 

Sequence the heat Is In 





and continues normal data scanning 
and logging. 

However, when the allotted time for 
performing a sequence is exceeded, 
the computer automatically recognizes 
this delay, completes the normal scan- 
ning underway, and transfers to the 
delay program. Totals are logged in 
black. In addition, the computer en- 
ergizes an alarm which turns on a red 
warning light and which causes subse- 
quent normal logging to be printed oe 
in red until the sequence is completed pre, 
by the operator and he advances the 1 pesrem | 
sequence switch to the next position. | oe 
Then the (new) heat cycle total is hs sg 
printed out in red, along with an | 
identifying delay code number. Com- | 
pletion of printout resets the delay 
alarm and initiates normal scanning 


memory channels and scanning points are also provided 
for special test programs. 


Computer programs 


Throughout the description of the computer's data 
reset, and scheduled-operations functions reference 

as been made to various computer programs. A pro- 
gram is a collection of instructions and data recorded 
in the computer memory. System behavior and process 
operation are determined by the sequence of instruc- 
tions. The computer reads the signal transmitters from 
furnaces in any sequence and at the time called for by 
the programs. 

The problem of programming is one of defining the 
open-hearth process and then deciding the sequence of 
tasks the computer is to perform in meeting process 
requirements. The technique of block diagrams, or 
English programming, allows a person to define what 
the system is to accomplish even though he is not 
trained in computer programming. A skilled computer 
programmer later converts these English instructions to 
machine language. 

Each block is a short series of instructions in the 
computer program. These instructions accomplish the 
job specified in the block. The job may be to make 
certain calculations or to make a decision based on 
some number in the memory. A block which is simple 
and does not involve a decision has one arrow entering 
and one leaving. This program is never altered in 
operation. A block which includes a decision has one 
arrow entering and two arrows leaving, one for a yes 
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and logging for the next sequence. ’ 


The computer also logs daily fuel 
totals required by the accounting de- 
partment for cost analysis and billings. 
Since the computer is calculating to- 
tals for various heats, it is a simple 
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General computer program. 





task for the computer to add the heat 
totals and store them in additional 
memory locations for daily totals. The 
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FIG. 5. Routine furnace program. 
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decision and one for no. The computer can only decide 
yes or no, so questions in decision-making must be 
hrased such that they can be answered yes or no. 
he computer performs different operations depending 
on either the yes or no decision. 

The computer can also alter addresses in instructions 
and thus alter the total sequence of events according to 
decisions made while monitoring the process. An ad- 
dress tells the computer where to go in the memory for 
the next instruction. It is the decision-making ability 
of the computer to modify its own program that makes 
it an extremely powerful and flexible tool. 

Most system programs are stored in the computer's 
drum memory, but one program—that for the furnace- 
and-printer selector—is external to the computer, as 
shown in the total system diagram, Figure 4. Its basic 
operation has been described under computer outputs; 
its block diagram is not shown. 

The general computer program, Figure 4, analyzes 
the first data input, the address of the selected furnace. 
By comparing the input address to a library of addresses 
in the memory, the computer decides which other pro- 
grams or instructions to follow. The logic of the gen- 
eral program is determined by the order or priority of 
decisions. Data from furnaces and processing of this 
data is of prime importance. These routine furnace 
programs are given first priority, as shown in the block 
diagram. Daily totals are required once a day and are 
given second priority. Special tests and computer test 
programs are given lesser priority, with computer-failure 
alarm given lowest priority. 


Routine furnace program 


The routine furnace program, Figure 5, gives the 
computer the intelligence to perform the normal scan- 
ning, computing, and logging of furnace variables, and 
the computing and logging decisions for delay, average, 
and heat cycles. The logic of this program gives priority 
to the scanning and storing of furnace data. Once the 
data is stored, the computer must decide whether there 
is a delay, whether the heat sequence has changed, 
and whether averages are to be logged. The program 
is so arranged that a yes decision on any decision block 
by-passes all succeeding programs. In this way, mini- 
mum time is needed for the total program. The com- 
puter, through the furnace-and-printer selector, selects 
each furnace in sequence and progresses through all 
necessary routine programs for each furnace provided 
the selected furnace is on. If the furnace is off, the 
routine program senses it and by-passes that furnace. 
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FIG. 6. Heat cycle program. 


Heat cycle program 


The heat cycle program, Figure 6, is one of the 
routine furnace programs. It provides the necessary 
calculations and decisions to log out totals for a given 
heat cycle. As an example, suppose a furnace is in 
the tap sequence. Near the end of this sequence, the 
operator advances the sequence selector to makeup. 
During normal scanning the computer senses this 
change and transfers to the heat cycle program at com- 
pletion of the current scan period. As shown in the 
block diagram, a number of decisions are made depend- 
ing on the status of the heat. Since the computer 
now reads the cycle as makeup, the change in sequence 
indicates the end of a tap and, therefore, the comple- 
tion of a heat. The program therefore takes into 
account that tap-to-tap totals and charge-to-tap totals 
are required. 

If the heat is between makeup and charge, then the 
furnace repairs have been completed and a new heat 
is started. Assuming a different steel is to be made, 
a new heat program is necessary. The operator posi- 
tions the heat selector switch to the position correspond- 
ing to the new heat program, and the computer reads 
in this information between makeup and charge. 


Daily totals program 


Once a day, say at 23.99 hours, the daily fuel flow 
totals are required for accounting pur- 
poses. When this time arrives the 
computer sees the address calling for 
daily totals program, as shown in the 
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general program, Figure 7. On com- 
pletion, the computer resumes routine 
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operation, scanning and logging data 
and pacing the operator as he per- 
forms his duties. 
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Fundamentals of Multivibrators—ll 


This two-part study of selected multivibrators especially suited for control 
systems continues with several high-speed transistor circuits featuring the 
use of steering and breakdown diodes. Also described are the monostable 
and astable versions of transistor multivibrators plus a group of novel cir- 
cuits incorporating unijunction transistors, square-loop magnetic cores, 
and cryotrons to provide multivibrator action. 


EDWARD KEONJIAN AND WILLIAM PERZLEY 
Arma Div., American Bosch Arma Corp. 


The first part of this article (Control Engineering, 
June 1959) concluded with a discussion of the possi- 
bilities for enhancing the switching characteristics 
of transistor multivibrators. Specific mention was 
made of two means for achieving higher transfer 
speeds: one involves an increase in the base drive 
current and the second, the addition of clamping 
diodes. Still another approach to this end is through 
special circuitry for directing the input trigger 
straight to the nonconducting transistor. This tech- 
nique speeds the switching process and reduces the 
power required of the input trigger. 

Figure 1 shows a circuit suitable for this type of 
action. In essence, it is a conventional transistor 
multivibrator to which diodes Dr Dg, and De; and 
capacitor Cy have been added. When T, is con- 
ducting and T> is cut off, the application of a nega- 
tive trigger pulse at point T causes diode Dg to 
conduct before Dg. The current through Dg; must 
flow also through Rz2 (since T, is cut off), setting 
up a negative swing of the T» collector voltage that 
drives T, toward cutoff. The ensuing positive volt- 
age transient at the collector of T, forces T2 into 
conduction so that the multivibrator completes its 
transition. The next negative trigger initiates trans- 
fer back to the original conditions of operation, 























FIG. 1. High-speed transistor multivibrator uses 
diodes for directing trigger signals. 














FIG. 2. Breakdown diodes provide clamping of 
transistors and speeds transition 


because now Dg starts conducting before Dg. It 
can be seen that this arrangement always routes the 
trigger pulse through the conducting diode to the 
cut-off transistor only; the nonconducting diode 
blocks the trigger from the conducting transistor. 

It is preferable to connect the steering diodes to 
the collectors rather than to the bases because the 
collector voltage differential is much larger than the 
base-voltage differential. Diode D, clamps point K 
to collector voltage V and prevents the build-up of 
an excessive charge across capacitor Cy that would 
tend to reduce the trigger voltage. The clamping 
diode may be replaced by a discharging resistor 
between point K and ground, provided the time 
constant of the combination of this resistor and 
capacitor Cy is much smaller than the minimum 
pulse repetition rate. It is also possible to trigger 
the circuit of Figure 1 with positive pulses. In this 
case, Dg and Dg; are reversed in polarity and Dp 
connected between K and ground. With this varia- 
tion, the off transistor is driven into conduction 
instead of the on transistor into cut off. 


Use of breakdown diodes 


As explained previously, clamping diodes offer 
one means of preventing transistor saturation, reduc- 
ing storage effect, and increasing switching speed. 
Figure 2 shows another arrangement that provides 
a clamp for transistors but avoids saturation of the 
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FIG, 3. Direct-coupled transistor multivibrator 
uses minimum of components. 


clamping diodes (Ref. 8). In this circuit, diodes 
Dyg and Dgs; are connected back-to-back between 
the collectors of T,; and T:. When one transistor 
is on and the other off, there is a difference of poten- 
tial between the collectors. By proper choice of cir- 
cuit components, this potential difference can be 
made large enough to break down diodes Dg or 
Das. If this is done, the voltage difference is effec- 
tively regulated at the value of Vas, the rated break- 
down voltage of the diodes. Similarly, diodes Dex 
and Dgx; can be made to break down continuously 
to maintain a constant voltage difference between 
the collector of T, and the base of T:, and between 
the collector of T's: and the base of T;. As a result 
of this arrangement, diodes Dgs and Dzsi clamp 
the collector potentials of T; and T2, while the ref- 
erence potentials established by Dax and Drax: fix 
the stable points of circuit operation. In addition 
to clamping, diodes Dgg and Dgg: serve also as steer- 
ing diodes operating from a positive trigger. 

The operation of the circuit is as follows: when 
T, is conducting, Dys is broken down and is passing 
current in the reverse direction. At the same time, 
Dgs; conducts in the forward direction. When a 
positive trigger is applied, the conductivity of Dgs 
increases while the conductivity of- Dgg: decreases 
to cut off. Simultaneously, the base potential of 
T2 rises as a result of the increasing current through 
Dgs. During the subsequent transient, the collector 
voltage of T, decreases and that of T, increases. 
Both Dzgg and Dgg; assume the status of open cir- 
cuits, isolating the trigger source from the multi- 
vibrator. The transient terminates with the break- 
down of Dggi, which acts through Dgs (conducting 
forward) and Dex (in continuous breakdown) to 
prevent saturation of T2. The magnitude of the 
trigger pulse must remain below a certain maxi- 
mum to avoid the breakdown of Dgm before Dgs 
reaches the open-circuit condition. Should this be 
allowed to happen, trigger current would reach both 
bases, causing switching to become erratic. 

Although the transistor switching time is short 
in this configuration, the maximum repetition rate 
attainable is still much less than the cut-off fre- 
quency f,, of the transistors. Thus, a transistor 
having an f.» of 10 mc and an ago of 0.98 may be 
expected to have a maximum permissible funda- 
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mental frequency on the order of 1.4 mc and a pulse 
driving rate of 2.8 mc in bistable applications. 


Direct-coupled multivibrators 


If the collector-to-emitter saturation voltage of a 
transistor is less than the base-to-emitter drop, it is 
possible to build a multivibrator using only four 
components: two transistors and two resistors. Such 
a circuit is shown in Figure 3. If T, is saturated, 
the base of T2 is at a potential low enough to pre- 
vent T, from conducting, while the current through 
Ry is sufficient to hold T; on. In this operation 
the collector voltage swing is small, equaling the 
difference between the collector-to-emitter satura- 
tion potential and the base-to-emitter voltage. How- 
ever, the collector current transient between the 
cut-off and saturation states can be quite large. As 
in most multivibrators, switching speed is deter- 
mined primarily by the properties of the transistors 
selected. 

The main advantage of direct-coupled multivi- 
brators is the economical use of components. In 
addition, the circuit is well suited for the simple 
direct-coupled transistor logic found in computer 
applications. The disadvantages of this form of 
multivibrator are that the output voltage swings are 
limited and that the base of the nonconducting 
transistor has no negative bias relative to its emitter. 
The off transistor does not conduct simply because 
its base is not at a sufficiently positive voltage. This 
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FIG. 4. Monostable transistor multivibrator is derived 
from bistable type by unbalancing the components. 














FIG. 5. Astable circuit is obtained by adjusting the 
bias voltages in a monostable circuit. 





absence of reverse cutoff may result in spurious 
triggering by random currents. Because of the rela- 
tively higher forward voltage drop between emitter 
and base, silicon transistors are more reliable in this 
respect than the germanium types. 


Monostable and astable multivibrators 


Monostable multivibrators are formed of circuits 
that have one stable state. The circuit transfers 
with the application of an input signal, but returns 
to its original state after a length of time depending 
on circuit constants. This type of operation is useful 
in applications such as fixed or variable delay pulse 
generators and pulse shapers. Any conventional 
bistable multivibrator can be converted to the mono- 
stable mode by unbalancing the circuit. In the 
simple monostable multivibrator of Figure 4, the 
component values are chosen so that T; is off and 
T: on in the absence of external signals. A negative 
pulse applied to the collector of T, is transmitted 
to the base of T2. As Tz goes into cut off, its col- 
lector potential rises and switches T, to the con 
ducting mode. The circuit does not remain in this 
state indefinitely, however, because the base voltage 
of T2 rises exponentially as C charges through R. 
Transistor T2 starts to conduct, initiating feedback 
that restores the circuit to its original condition. 

The bias of a multivibrator can be adjusted so 
that neither of the transistors remains in the stable 
state. Under this condition, the multivibrator be- 
comes astable or free-running. Figure 5 shows such 
a multivibrator; its operation is closely analogous 
to that of the monostable circuit described above. 


OTHER TYPES OF MULTIVIBRATORS 


The previous sections discussed multivibrator cir- 
cuitry comprising conventional transistors and tubes. 
While these components do dominate the multi- 
vibrator field, successful use has also been made of 
other basic components, such as the unijunction 
diode, the square-loop magnetic core, and the cryo- 
tron. ‘The concluding part of this article will be 
devoted to selected circuits based on components 
other than tubes and conventional transistors. 


Unijunction transistor 


The unijunction transistor or “double-base diode” 
is a comparatively new semiconductor device that 
is of interest in multivibrator design (Ref. 9 & 10). 
The unijunction transistor has one p-n junction and 
two ohmic contacts. The device has a negative 
resistance characteristic, which can be used to obtain 
the multivibrator operation. 

Figure 6 shows a multivibrator that consists of 
unijunction transistor UT, diode D, capacitor C, 
and resistors Ri, R2 and Rs. The operation of the 
circuit is as follows: when positive supply voltage 
V is applied, capacitor C charges through Re and 
diode D. During the charging cycle of the capacitor, 
D is conducting but the unijunction transistor is 


cut off. When the potential across the capacitor 
becomes equal to or greater than the peak-point 
potential of the unijunction transistor, the latter 
becomes unstable and switches into the conducting 
stage. The junction potential V. is then clamped 
almost to ground potential, causing D to cut off. 
Then capacitor C discharges through R, until poten- 
tial V, is approximately equal to the junction poten- 
tial V2. of the unijunction transistor. At this point, 
the diode conducts again, the current through the 
transistor junction decreases, and the unijunction 
transistor is driven into cut off. Capacitor C re- 
charges and the cycle is repeated indefinitely. Since 
capacitor C alternately charges and discharges 
through Rz and R,, voltage V, consists of a periodic 
exponential rise and decay. 

When the unijunction transistor is cut off, the 








FIG. 6. Sunple multivibrator circuit makes 
use of one uniunction transistor 


current through Rs; is comparatively low. When 
the transistor fires, however, the current through 
Rg inereases. ‘Thus, the current through Rg is either 
high or low, depending upon the operating state of 
the unijunction transistor. ‘The output voltage Vs 
is a square wave whose frequency and degree of 
symmetry depend on the time constants associated 
with resistors R, and Re and capacitor C. 

The design criteria for astable operation of the 
multivibrator are as follows: 


R, V 


“ee SS 
R+k >’? and sly 


Rs 
where Vp is the peak-point potential of the unijunc 
tion transistor and Iy is the input current corre- 
sponding to its valley point. The values of Vp and 
Iy are determined from the performance character- 
istic of the device. The multivibrator can be made 
monostable under the following conditions: 
RV V 

- < ."s <ly 

+k) < Vp and R Iy 
If these requirements are met, a positive pulse will 
trigger the unijunction transistor from off to on. The 
transistor conducts until capacitor C discharges 
through resistor R;. When the diode reverses at 
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the end of the capacitor discharge cycle, the tran- 
sistor cuts out and the multivibrator remains stable 
until the next positive trigger pulse appears. The 
main advantage of using the unijunction-transistor 
in multivibrator circuitry is that the number of 
components required is about half that needed in 


conventional transistor configurations. 


Square-loop magnetic core 


The so-called square-loop magnetic materials have 
a B-H characteristic similar to that shown in Figure 
7. Square-loop cores may be formed of ceramic 
ferrite material or of an extremely thin ferromagnetic 
alloy tape wound on a non-magnetic spool. If a 


positive magnetizing force H is applied to the core 
and then removed, a certain amount of flux remains. 
The residual flux, plus ¢, or minus ¢,, establishes 
the two stable states (1 and 0) of the core. Because 
the core remains in either one of the two stable 
states without consuming power, it offers interesting 


possibilities for use as a memory element. 

Figure 8 shows a single core that performs essen- 
tially the same function as a bistable flip-flop. A 
current pulse of plus or minum I, applied to wind- 
ing N; establishes a residual flux of plus or minus ¢,. 
A sampling pulse I, applied to winding Ne serves 
to reset the core to minus ¢,. An output pulse 
appears at winding Ns only if I, has previously 
established a residual flux of plus ¢,. Thus, the 
presence of an output pulse indicates that the state 
of the core has been switched from plus ¢, to minus 
¢,, or from a 1 toa 0. A characteristic of the square- 
loop core is that its switching time is inversely pro- 
portional to the voltage applied to the core. 

An interesting example of the use of square-loop 
cores is the astable multivibrator of Figure 9. The 
circuit is essentially a standard Eccles-Jordan flip- 
flop, except that the usual collector resistors have 
been replaced with windings on a square-loop core. 
The conducting transistor develops a collector volt- 





FIG. 7. Typical B-H relationships for 
square-loop core material. 

















FIG. 8. Simple magnetic-core 
element is capable of performing 
as bistable flip-flop. 


FIG. 9. Astable multivibrator circuit 
uses square-loop cores 
to get free-running action. 
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FIG. 10. Basic cryotron flip-flop has 
cross-coupled gates and control coils. 


FIG. 11. Complete bistable cryotron 


multivibrator has input and output 
cryotrons as well as cryotron binary. 


age that is sufficient to hold the other transistor 
cut off while the core is switching to, say, plus ¢,. 
When the core has switched, the collector voltage 
swings in the negative direction. This swing is 
applied to the opposite base and is sufficient to 
trigger the other transistor into conduction. The 
second transistor then saturates the core in the 
direction of minus ¢,, and thus once again develops 
a collector voltage that will hold off the first tran- 
sistor. The period of oscillation is a function of 
the magnitude of minus V,, and is approximately 
twice the time required for the square-loop core to 
switch (neglecting transistor switch-over time). This 
type of circuit can be used as an oscillator with an 
output frequency that varies linearly with the applied 
voltage (—V.-). 


Cryotron 


The cryotron is a relatively new switching com- 
ponent whose operation is based on the supercon- 
ductivity phenomenon observed in conducting ma- 
terial subjected to extremely low temperatures. 
Switching action is achieved by the application of 
a controlled magnetic field that negates this super- 
conductivity. The presently used cryotron config- 
uration is a 9-mil tantalum wire (called the gate) 
around which is wound a 3-mil niobium wire that 
serves as the control coil. When the cryotron is 
immersed in liquid helium, the resistances of both 
control coil and gate approach zero and they become 
superconductive. 

The ability to change the resistance of the tanta- 
lum wire by means of a magnetic field makes pos- 
sible numerous types of digital switching circuits. 
One of these is the basic bistable multivibrator, 
Figure 10, which consists of cross-coupled cryotrons 
C, and Cz. A current Ij, flows through one of the 
two gates. Because the gate of one cryotron is con- 
nected in series with the control field of the other, 
the circuit is inherently bistable; a current estab- 
lished in one path automatically cuts off the other. 





























C4 


| Output 0 


Figure 11 shows a complete bistable multivibrator 
having input cryotrons C, and C, to provide a means 
for switching the flip-flop, and output cryotrons Cs, 
and C, to furnish a signal to other cryotron circuits. 
The supply current I, is directed to the gates of 
cryotrons Cz and C, by the action of steering cryo- 
trons Cs; and Cy. A current signal applied to the 
control coil of either C,; or Cy causes I,, to be 
shunted through the gate of the alternate cryotron. 
Cryotrons Cs and C, deliver the output signals that 
reflect the state of the flip-flop. If, for example, 
there is current in the control coil of Cs, a relatively 
high resistance appears at its gate terminals. At 
the same time, the absence of current in the control 
coil of C, allows the resistance across its gate ter- 
minals to remain near zero. 

The cryotron may play a significant role in future 
computer design. It is extremely small and inex- 
pensive and, from the investigations to date, appears 
highly reliable. These factors could easily offset 
the disadvantage imposed by the need for a constant 
supply of liquid helium. 
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FIG. 1. In automatic record lift system, magnetic tabs are 
code-addressed on up-going side at loading stations, actuate 


Digital Codes 


Route 


Interoffice Mail 


Magnetic tabs attached to tote-box 
carriages on mail conveyor are addressed 
Floor to deliver boxes to correct destinations. 


selection 
buttons 


A typical vertical conveyor for large 


office buildings is described. 


correct unloading mechanism automatically on down-going side 


The automatic vertical conveyor in 
Figure 1 is used by latge office build- 
ings, insurance offices, or hospitals 
where a large volume of interoffice 
mail and correspondence must be dis- 
tributed. The conveyor consists of a 
number of carriages attached to an 
endless vertical chain. Automatic sta- 
tions load trays or tote boxes onto car- 
riages on the up-going side of the lift, 
and automatic unloading stations un- 
load from the down-going side. 

A typical system can dispatch from 
any station and receive at any other 
station. Such a system can also be 
laid out in a horizontal position and 
used for other interoffice functions, 
warehousing, or distribution. 

The Record Lift conveyor is op- 
erated by two interlocked control sys- 
tems. A third, or monitoring system, 
can be added. The first control sys- 
tem is a safety circuit which ‘deter- 
mines when load and unload stations 
may operate, and protects the lift 
against damage from interferences, or 
overloads. These safety controls in- 
volve no novel feature. 

The second control system is a 


unique application of magnetic te- 
cording and reading. It controls the 
final destination of the mail-contain- 
ing tray or tote box by means of small 
magnetic tabs attached to either the 
carriages or the tote boxes, Figure 2. 
The destination address is recorded 
magnetically in binary code on the 


FIG. 2. Tabs may be connected to conveyor 
carriage as shown, or directly to tote boxes. 
Note that magnetic heads do not contact tabs. 


er 


C. M. ZOUBEK, Standard Conveyor Co. 


tabs at the time the tote box is loaded 
into the system. 

If the tabs are attached to a lift 
carriage, the previous code must be 
erased with an ac field after the car- 
riage is unloaded and before it starts 
its next upgoing cycle. This will pre- 
vent the conveyor being stopped by 
an empty carriage on the next cycle. 
If the tabs are attached to the tote 
boxes, this erasure is unnecessary. Re- 
cording a new code completely oblit- 
erates any previous code, since the 
recording signal saturates the tabs. 

Each loading station has a set of 
recording heads, one for each tab, 
which record an N-S or a S-N polari- 
zation in the correct tab sequence 
according to the interwiring of the 
address-writer pushbuttons. 

Each unloading station has a set of 
magnetic reading heads so wired that 
only a correctly-coded set of tabs will 
produce a positive output signal. Only 
if the output signal from the read 
head array is positive will the transistor 
amplifier conduct and pull in a pilot 
relay. This pilot relay will then 
actuate the unloading station. 





Specifications of Standard 


LIBRATROL: 500 


PROCESS CONTROL COMPUTER 





INPUTS 
Continuous multiple-switched electrical 
signals from te ~eearetare, pressure, flow, 
composition, pH, etc 
QUICK ACCESS Loop: 64-word recircu- 
lating register for paraliel input, compu- 
tation, and output. 
SPEED: 66 samples per second. 
NUMBER: 8, expandable to 512 with ad- 
ditional optional piug-in components. 
SEQUENCE: By a command; 
changeable by pro; 
pa Se rg RANGE: o1 ‘on 0-10 (or more) 


voits d 
MANUAL: Flexowriter and punched paper 


pe: 
DIGITAL CLOCK: Internal, pure binary, 
real time to provide time of day for 
logging. 


UTPUTS 

Flexowriter and punched paper tape; and 

computer logic producin bit address- 

able word to actuate re i. for control 

signals. 

SPEED AND NUMBER: 66 outputs per 
nd; time-sharing permits unlimited 

number. 

SEQUENCE: By computer command; 

changeable by program. 

TIME READOUT: From digital clock. 

TYPICAL OPTIONAL CONTROL FUNC- 

TIONS AVAILABLE: Alarms, voltage level, 

bridge balance, relay closure, setpoint, 

reset rate, proportional band, variable 

time delay, recorder, plotter. 


GENERAL SPECIFICATIONS 
COMPUTER TYPE: General-purpose 
digital. 
NUMBER BASE: Binary. 
MODE OF OPERATION: Serial. 
INSTRUCTION TYPE: Single address. 
NUMBER OF DIFFERENT INSTRUC- 
TIONS: 16 
MEMORY TYPE: Magnetic drum. 
MEMORY CAPACITY: 4096 words. 
WORD LENGTH: 30 bits plus sign. 
CLOCK FREQUENCY: 136 KC 
ADD TIME (Excluding Access): 0.25 mil- 
liseconds. 
MULTIPLY TIME (Excluding Access): 15 
milliseconds. 
WEIGHT: 1000 Ibs. nominal. 
SIZE: 30” x 42” x 60”. 
POWER REQUIREMENTS: 117 volts 
(+10%) 17 amperes 60 cycles. 


OPTIONAL EQUIPMENT 
PHOTOELECTRIC READER: High-speed 
punched paper tape input for buffer 
storage. 
MAGNETIC TAPE: Storage for additional 
input, output, and computing infor- 
mation. 
MAGNETIC-CORE MEMORY: For quick 
access to stored data. 
PUNCHED CARD INPUT. 
LINE PRINTER: High speed data-logger 
printing 14 digits at a time. 
TYPEWRITER SELECTOR: For multi- 
station printout. 
RELAY SENSING EQUIPMENT: For 
changing computer program in accord- 
ance with plant or pr- ‘uct requirements. 
GRAPHIC PANELS: . cy visual display of 
information. 
CONSTANTS PANEL: Manual digital data 
insertion or readout for operation by non- 
technical personnel. 
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= RCA-2N1300 and 2N1301 


ovo MESA 


COMPUTER TRANSISTORS 


Now in quantity production...and available! 


RCA-2N1300 and 2N1301 Germanium P-N-P Mesa Transistors 
offer these 10 major benefits to designers of switching circuits. 
And they’re ready for you now! 


Characteristics: 
Common-Emitter Circuit, Base Input 
Ambient Temperature of 25° C 


Maximum Ratings* 
Absolute -Maximum Values 


@ rugged Mesa structure—permits extremely small base width to insure top 

performance at high frequencies 
e fast switching times with low values of base input current—made 

possible by high frequency response and low total stored charge 
e high current gain—permits high fan-out ratios (number of paralleled 

similar circuits per driver-stage output) 
@ high breakdown voltage and punch-through voltage ratings—the result Of — -saximum collector-to-emitter IE ERE AE 

the diffusion process voltage rating = -12 volts collector-to-emitter volts= -3. 
e high power dissipation—150 milliwatts at 25°C—aids in the design of RCA Field Offices 

reliable circuits EAST: 744 Broad St., Newark 2,N. J. 
e high current ratings—improve overall system speed HUmboldt 5-3900 
@ rugged overall design—units have unusual capabilities to withstarttl NORTHEAST: 64 ‘'A"’ Street 

severe drop tests and electrical overloads Needham Heights 94, Mass. © 
e electrical uniformity—a result of the diffused-junction process used by Reged Sree 

RCA in the manufacture of Mesa Transistors eee a 
e especially well suited for use at pulse repetition rates up to 20 Mc N TRinity 5.5600. 
e exceptionally well suited to applications in saturation-type switching CENTRAL: Suite 1154 

circuits Merchandise Mart Plaza 

Chicago 54, Ill. 
Information on RCA-2N1300 and 2N1301 Low-Cost Mesa mesenueneceine eae WHitehall 4-200 
Transistors is available from your RCA Field Representative. storage, and fail times t 6355 E. Washington Bivd. 
For technical data, write RCA Commercial Engineering, eno htety 6. che a 
. verter circuit utilizing ymon 
Section H-56-NN, Somerville, N. J. the RCA-2N1301 MESA 224 N. Wilkinson Street 
TRANSISTOR. Dayton, Ohio 
BAldwin 6-2366 


1625 ‘*K'" Street, N.W. 
Washington, D.C. 
RADIO CORPORATION form AMERICA District 7-1260 
@ SEMICONDUCTOR AND MATERIALS DIVISION + SOMERVILLE, N. Ji rca semiconuctos nermouron. 
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A Transistorized Sampler for 


Analog Computers ~* 


WALTER W. TURNER University of Maine 


The study of sampled-data systems 
on an analog computer requires some 
means of sampling the input or error 
signal. A sampler is essentially a 
cyclic gating network having a short 
“on” time compared to “off” time. 

In this sampler, gating is done by 
a shunt-type switch controlled by a 
multivibrator. ‘The loss due to the 
10k to 100k voltage divider must be 
compensated for in the computer 
setup. A common ground for all op- 
erational amplifiers requires that the 
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multivibrator be operated off ground, 
and the use of transistors rather than 
tubes permits battery operation, which 
also removes the possibility of induc- 
tive noise from plate and filament 
power supplies. 

The sampling period is controlled 
by the 250k potentiometer, the sam- 
pling or “on” time by the 25k poten- 
tiometer. There is some interaction 


between controls at the lower resist- 
ance values but this has not been a 
serious limitation. ‘Typical sampling 
periods and “on” times possible with 
this circuit are: 


Period 
1.6 sec 
0.75 sec 

10 millisec 


“on” time 
0.1 sec 
2-10 millisec 
1-3 millisec 


Vapor-Load Steam kjectors to 


Control Vacuum 


PAUL W. KILPATRICK 


20-psig steam 


US. Dept. of Agriculture, Albany, Calif. 


During freeze-drying, vacuum con- 
centration, or other vacuum-processing 
operations, it may be desirable to 
control absolute pressure. If a steam 
ejector is used to produce the vacuum, 
the absolute pressure at the suction 
intake to the ejector can be readily 
controlled by maintaining a constant 
vapor load. Unlike air loading, vapor 
loading does not tend to cause un- 
stable operation of some ejectors. 

The block diagram shows the three- 
stage ejector (with third-stage booster 
for rapid pump-down of system) which 
services a 60-cu-ft vacuum shelf dryer. 
The dryer, located on the floor below, 
is connected to the ejector system via 
a 12-in. line. Absolute pressure within 
the dryer can be controlled over the 
range from 0.5 to 10 mm of mercury 


* [Rapid pump-down] 
|_ booster stoge | Vent 


o 
Inter stage Third 
condenser stoge | Vent 





\2-in. vacuum line 


Vocuum 
Controtter dryer 


with an accuracy of 0.1 mm. The 
lower-range limitation is imposed by 
“dead-end” pump-down of the par- 
ticular ejector system (in this case, 
0.3 mm). 

Essentially, the control system con- 
sists of: 1) an absolute-pressure con- 
troller which senses the absolute pres- 
sure within the dryer; and 2) pneu- 
matic diaphragm valve, installed in 
a steam line and actuated by the out- 
put air from the absolute-pressure 
controller. The instrument-controlled 
valve bleeds steam into the suction 
chamber of the first stage of the three- 
stage ejector. The constant-vapor 
load thus automatically supplied to 


*120- psig motive steam 


the ejector for a set operating pressure 
in the dryer is maintained independ- 
ently of the dryer’s evaporative load. 
Normal pump-down time for a 
dryer pressure of 1 mm, about 5 min, 
can be decreased to 30 sec with the 
booster stage. One particular ejector 
has a rated load capacity of 70 Ib of 
water vapor per hour at 10 mm abso- 
lute pressure, plus 10 Ib of dry air 
(with booster off). The instrument- 
controlled valve has a 4-in. port in a 
4-in. body and is supplied with pres- 
sure-regulated steam adjustable ae 
10 to 50 psig. Steam at 20 psig is 
normally used for controlling absolute 
pressures in the range 5 to 0.5 mm. 
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SEE US AT WESCON 
BOOTHS 2610 — 2812 


NEW PANEL MOUNT TRIMPOT 


Now, Bourns combines the convenience of a panel 
mount potentiometer with all the advantages of a rec- 
tangular unit—Smal! Size: requires 1/12 sq. in. or less 
of panel area—Setting Stability: self-locking shaft with 
no cumbersome locknuts—Adjustment Accuracy: multi- 
turn shaft provides up to 9000° rotation. 


All of the many Trimpot models are now available with 
the panel mount feature as a result of a unique design 
that permits quick attachment of a pane! mounting 
assembly to standard ‘‘on-the-shelf'’ potentiometers. 
Rugged stainless steel construction assures compliance 
to Mil-Specs for vibration, shock, salt spray, etc. Screw- 
driver adjustment is easily made from the front of the 
panel...recessed head prevents accidental changes of 
setting...silicon rubber O-ring and Teflon washer pro- 
vide moisture barrier from outside elements. 


Specify the panel mount Trimpot. Get reliability backed 
by years of engineering, manufacturing and field experi- 
ence. Write for complete data and list of stocking dis- 
tributors. 


=a Oe OS 


CHASSIS MOUNTING, PRINTED CIRCUIT OR PANEL P.O. Box 2112K, Riverside, California 
MOUNTING —whatever your need, Bourns has a military ee! a : 
- P ; Plants: Riverside, California 
or commercial potentiometer to meet your exact require- aA Boas 
ments. Choice of terminal types:..resistances from 10 “gee Fo ras ain 
ohms to 1 Meg. 





BOURNS, Inc. 











In Canada: Douglas Randall (Canada), Ltd., licensee 


Exclusive manufacturers of Trimpot®, Trimit®. Pioneers in potentiometer transducers for position, pressure and acceleration. 
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IDEAS AT 


Commutator Switch 
Simulates Transport Lag 


A. D. WRIGHT 
Elliott Nucleonics, Ltd, London 


Transport times in piping carrying 
CO, coolant from the reactor to heat 
exchangers in a nuclear power plant 
can vary from 2 to 60 sec, depending 
on blower settings. These lags are 
too long for electronic delay circuits, 
and magnetic-tape delay is inaccurate 
and digital disc techniques complex. 

The best answer is a switch arrange- 
ment, motor driven at a speed pro- 
portional to the required transport 
time. In Figure | a servo-controlled, 
motor-driven switch rotates two wipers 
past 100 contacts. The leading wiper 
is connected to the input of a unity- 
gain reading amplifier and the trailing 
wiper to the output of a unity-gain 
writing amplifier. The wipers rotate 
continuously in one direction at a 
speed determined by the servo drive 
system so that the time for one revolu- 
tion is equal to the required DVL. 
Each of the 100 contacts has a 0.022- 
mfd capacitor. 

The fixed contacts are mounted in 
a dural ring with ceramic bushings 
(Figure 2), and the capacitors are con- 
nected between the contacts and an 
insulated ring. The leakage insula- 
tion of the contact-capacitor assembly 
is approximately 10" ohms, represent- 
ing a loss of charge during the long- 
est delay of less than 0.1 percent. 

The wipers are mounted on two 


parallel dural arms carried by a rotat- 
ing Plexiglas disc and fed out via two 
silver slip rings. The leading wiper 
reads the voltage on the capacitors 
acquired during the previous revolu- 
tion while the second trailing wiper 
recharges the capacitors to new levels, 
which are stored for a further revolu- 
tion time. Output from the reading 
wiper appears as a series of discrete 
voltage steps, Figure 3. A_ small 
smoothing capacitor in the reading 
amplifier prevents the output from 
falling to zero between contacts. 
The desired transport time sets the 
motor speed, and variable input volt- 
ages from 3.3-100 volts applied to the 
servo drive control this speed between 
100 and 3,000 rpm. A 100:1 reduc- 
tion gear train couples the motor to 
the rotating wipers to give the variable 


transport time range of 2-60 sec. Lin- 
earity between the transport time and 
voltage setting is better than | percent 
over the range. 

For dc input signals, the transfer 
ratio is unity to better than | percent 
for signals from plus 100 volts to 
minus 100 volts. Reading accuracy 
of ac input signals is calculable from 
the number of output steps per transit 
time. With reading and writing 
wipers spaced at’3.5 times the contact 
width, 96 samples are read per transit. 

It is theoretically possible to ob- 
tain delays longer than 60 sec by 
slowing the motor speed, but system 
linearity falls off due to capacitor- 
charge leakage during the revolution. 
Coupling two units in series gives 
smoother output waveforms for 
DVL’s up to 120 sec. 





Distance-velocity 


lag demand |Z Amplifier 


eh 


~ 100: 
| edt 


Amplifier 
IN 





Input signal 


FIG. 1. Schematic shows simplicity 
of system requiring only two 
amplifiers and a servo speed drive 


FIG, 2. Construction 
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Rotating — 
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connects 0.022-mfd capacitors 
to each of 100 contacts. 


FIG, 3. Lower recording is input 
signal. Top is 100-volt peak-to-peak 
output, delayed by 60 sec. 
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new Honeywell Dur-0-Pulse 





-telemetering system 


Your choice of transmitters 

Eccentric scale indicating transmitter 
Single-pen recording transmitter 
ElectroniK single-pen recording transmitter 


ka 
t 

e 
Py 
ee 
f 
ie 








Transmitter features: 





Mechanical or electrical measurements 
Indication and/or recording 

Electric or pneumatic control 

Integration 

Auxiliary contacts 

Remote set controller index receiver 

No load on primary measuring element by 


either transmitting mechanism or auxiliary 
contacts 








Use the new Honeywell Dur-O-Pulse telemetering 
system for fast, accurate, versatile control. It 
carries process variable measurements up to 100 
miles by continuous telephone or telegraph wire 
pair without repeaters, or by microwave, radio or 
power line carrier systems. 


Dur-O-Pulse consists of a transmitter in a stand- 
ard Honeywell recorder or indicator at the point 
of measurement, the intervening wiring, a power 
pack, and a receiver in another Honeywell in- 
strument at the receiving location. Both trans- 
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mitter and receiver can embody a wide variety of 
control functions. The system employs the pulse 
duration technique of telemetering, the simplest, 
least expensive and most easily maintained of 
all telemetering systems. 


Get complete details from your nearby Honeywell 
field engineer. Call him today . . . he’s as near as 
your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 
Fit ww Coutol 


Your choice of receivers 
Recording receiver 

Indicating retransmitting receiver 
ElectroniK recording receiver 


Receiver features: 
Indication and/or recording 
Electric or pneumatic control 
Integration 
Auxiliary contacts 
Remote set controller index transmitter 
Up to three pens in one circular chart receiver 
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It has a 
storage capacity 
of 8,000 instructions 
...and it’s 
low-priced 


his 


is. the 


OIMP 


digital computer 


No problem is too complex to tackle with Recomp—and you can afford to 
put it wherever it’s needed to break up computer-time bottlenecks. It’s easy 
to use, too; engineers quickly learn to program their own problems. Other 
Recomp features: a command structure of 49 arithmetical and logical com- 
mands — including 9 built-in floating point commands...standardized tele- 
type tape configuration . . . all-transistorized . .. 400-character-a-second input 
.-.electronic console that puts all basic controls within fingertip reach... 
simplified coding. Recomp gives you far more capacity, versatility, and 
trouble-free service for your money. It’s available for sale or lease. There’s 
no extra equipment to buy...no cost of installation. Please write for 
complete literature. Industrial Products Division, Autonetics, Dept. 38, 
3584 Wilshire Boulevard, Los Angeles 5, California. 


This engineer learned to program Recomp in two days 


Digital computers by Autonetics # 


CONTROL ENGINEERING 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
Other offices: Dayton, Ohio; Washington, D.C 





NEW PRODUCTS 


POWER STEPPING MOTORS —+ -30vde 
for digital control systems 4 


Emitter Sequence @ Motor 
0) "I follower generator ~ winding 
A 











Five power stepping motors, together with associ- 
ated solid-state and thyratron controls, make up the 
new Digitork line of digital system components. De- a tT i 
signed primarily for actuator service, the motors c 
provide a precise bi-directional step output for input Ol 1? he Sequence ® motor 
pulse rates as high as 3 Ke, without conversion or ‘ae . ee generator +> winding 
feedback. Features include: high instantaneous re- Gk fe a Bee 8 “ 
sponse rates; high step resolution; good power per- ; 
formance; and accuracies within 1 deg or better. Q| | | ate! r 

Basically, each motor consists of three separate E 


A , ©) 
magnetic sections mounted on a common shaft. @E LA eee LLL. Sequence Motor 
Each section contains a multipole rotor and stator. generotor be winding 


E 
Pole faces of all three rotors are in perfect align- OkzzwZZ “wth C C 
ment, but the stators have been staggered so that E 
their pole faces have a relative displacement of one- OL mZZZD po 
third the angular pole spacing. With this arrange- 
ment, neecatia Brees if the stator windings a. OZ ZZ. EE 
duces a stepwise rotation of the output shaft. @l_ WD Zz Direction ccw 

A simple over-running clutch-brake mechanism ' selector ee 
eliminates the problems of hunting and oscillation. +30 vde 
It prevents ae eal of the nar Fe shaft as long OL ZZ a “* ground 
as the input pulse sequence remains unchanged. 

When the pulse sequence is reversed, the clutch- 
brake action is also reversed. The table below gives some of the more important perform- 

The block diagram at the right shows a typical ance characteristics as well as physical dimensions for each of 
solid-state control unit designed to provide the the five motors currently available. Photo to the right of the 
sequential excitation of the motor windings. Not table shows an M-35 motor with one quadrant of the stator 
shown are three resistive load networks in series with sections cut away to reveal its internal construction.—The Teller 
the motor windings. These serve to improve the Co., Butler, Pa. 
motor’s high-speed performance. Circle No. 200 on reply card 
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igor: > LEFT: Performance data on five pro- 

Series duction models. BELOW: Photo of 
he A —a eee a 48-step, medium size unit. 
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Model $-15 S-18 M-35 M-60 

Steps /rev 36 36 48 72/108 

Stoll torque 3 in.o2. 55 in.oz. 55 in.oz. 30 in. Ib 160 in. Ib. 
Rated torque | in.oz. 2.5 in. 02. 35 in. oz. 20 in. Ib 100 in. Ib 
Rated speed 1000 rpm 1000 rpm 1000 rpm 300 rpm 300 rpm 

Rated freq. 600 cps 600 cps 600 cps 500 cps 500 cps 

Control Solid state Solid state Solid state Optional Thyratron 


Max. temp. 100 deg C 100 deg C 120 degC 135 deg C 135 degC 


Weight 20 07. ~ 33 o7. 9 Ib. 28 Ib. 185 Ib. 
Dimension “A’ 1437 in 1.750 in. 3-1/2 in. 6in 9-1/4 in. 
Dimension 'B” 4in. 4in. 6-1/8 in, 9-1/8 in 20 in 
Dimension "C” oo — 3-9/16 in. 6-1/4 in 10 in, 














BORG MICRODIALS... 


« «+ when accurate readings 
are a must! 


FOR ACCURATE 
READING...INSTANTLY! 


Borg Microdials provide fast, accurate dial readings at a 
glance. The inline digital presentation of these dials permits 
maximum reading speed even under forced fast reading con- 
ditions. Settings are made just as easy . . . just as quick. 
Finger-tip brake locks settings in place. Available 

in three-digit ten-turn, four-digit hundred- 

turn and five-digit thousand-turn 

models, Also available are con- 

centric scale dials for devices of 

ten turns or less. Get the com- 


plete Microdial story from Borg today. 


WRITE FOR CATALOG BED-A90 


BORG EQUIPMENT DIVISION 


AMPHENOL-BORG ELECTRONICS CORPORATION 
JANESVILLE, WISCONSIN 


MICROPOTS + MICRODIALS + INSTRUMENT MOTORS * FREQUENCY STANDARDS 
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| NEW PRODUCTS 


DATA HANDLING 
& DISPLAY 


RUGGED AND RELIABLE 


Designed for airborne and other mo- 
bile applications, the AR-200 mag- 
netic tape recording system consists 
of the tape transport shown here, an 
amplifier unit that will house seven 
analog or eight digital record ampli- 
fiers, and, if necessary, a suitable 
power converter. Latest track con- 
figurations are available, featuring up 
to 32 digital recording tracks or 16 
digital and 7 analog tracks on 1-in. 
tape. A remote control assembly for 
panel mounting contains a_ tape- 
remaining meter and lights to indi- 
cate the operating mode. Other ac- 
cessories include servo tape speed 
controls, a_ self-contained test unit, 
and a system for combining transports 
to produce an uninterrupted long- 
term recording. Standard tape speeds 
are 1%, 33, 74, 15, 30, and 60 ips. A 
complete 14-track system draws only 
150 watts, and needs less than 2 cu 
ft of space.—Instrumentation Div., 
Ampex Corp., Redwood City, Calif. 

Circle No. 201 on reply card 


SERVO-DRIVEN 


Clean design and low cost character- 
ize this new transistorized servo-driven 
flow rate indicator, designed for use 
with F&P’s line of magnetic flow- 
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Designed from inception for process control, Genesys 
advanced digital contrel computer systems provide 
many exclusive advantages with unprecedented 
economy. Knowledge of precise process dynamics is not 
required. You can optimize process operations using 
your present instrumentation. You get unmatched 
reliability through practical design, practical computer 
speed matched to the problem — thus fewer and only 
the most proven components. Genesys Systems deliver 
4,000 hours of continuous, non-stop operation between 
scheduled maintenance periods . . . dependability with 
; i : : this Unit Memory Processor (UMP) is the 
simplicity of operation at low cost .. . seven giant Meme od é Gokeiais Pikes: Control System, 
steps forward in process and pipeline automation. uses the best combination of general purpose 
Write for “Evolution in Process Control.” and incremental computer techniques. 


Filling the void in practical digital control, 
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THERMOCOUPLES MADE PRACTICAL 


».-or how a completely floating and isolated differential DC amplifier can be of assistance in obtaining over- 
all system accuracies of 1% to 0.1% when measuring the output of grounded thermocouples or strain gages. 


Designers and users of data-handling 
systems, particularly systems for evalu- 
ating high-performance rocket or jet 
engines, are constantly under pressure 
to provide higher and higher measure- 
ment accuracies. Acco g to recent 
statistics, a large percentage of these 
measurements involve narrow-band 
data from grounded thermocouples. 
Even on a bench, the measurement of 
temperature in a DC to 100-cycle band- 
width with 1% accuracy isn’t too easy, 
and 0.1% measurements get pretty 
messy. Now, if you have fifty thermo- 
couples and they happen to be or have 
to be grounded at the source, and the 
source is a rocket or jet engine sepa- 
rated from your amplifiers by, say, 300 
feet of interconnecting cable, and the 
amplifiers are driving a load such as a 
large data-handling system that must 
be grounded, you are probably in trou- 
ble. In fact, with a system anything at 
all like this, it’s likely that you had 
great difficulty getting 1% system accu- 
racy and found 0.1% accuracy virtually 
impossible to obtain. 

Rocket 

Engine 

Body 


Reference 
Thermocouple 


1002 


Shield 


5 more microvolts of trouble from out- 
side causes, or a little less than 2 micro- 
volts RMS AC at 60 cycles. Can we ex- 
pect 2 microvolts of trouble from 
ground loops? You bet we can! The nor- 
mal, average common mode voltage at 
installations we know of is approxi- 
mately 1 volt RMS at 60 cycles. In a 
number of cases, this common mode 
potential is as high as 4 volts at 60 cps. 


In an attempt to better this situation 
by a rather common remedy, we shall 
tie a big fat bus bar between the rocket 
engine and the amplifier case ground, 
as shown in Figure 1. Our bus bar will 
be an eight-inch pipe filled with water, 
300 feet long, with an impedance of 
about 0.2 ohms at 60 cycles. (An actual 
installation. ) The common mode voltage 
generator shown in Figure 1 will have 
some impedance associated with it, and 
the ratio of this impedance to the bus 
bar impedance will determine how much 
we reduce the common mode voltage. If 
the impedance of the common mode gen- 
erator is 0.2 ohms, we will reduce 1 volt 
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Figure 1 


WHAT’S THE PROBLEM? 


In Figure 1, we see a grounded thermo- 
couple with a reference couple, 300 feet 
or so of shielded input leads from the 
couples to the amplifier, and a single- 
ended DC amplifier driving a grounded 
load. (For the moment, we will ignore 
the bus bar.) This is a typical system. 
It doesn’t give very good accuracy. Nev- 
ertheless, it is a typical system. In our 
experience, the problem with such sys- 
tems has always been noise, noise which 
results from ground loops. The trouble- 
some part of this noise will consist of 
hum at the power line frequency. It will 
be random in magnitude and phase at 
the amplifier, precluding accurate can- 
cellation. This noise, this difference in 
potential which exists between the ther- 
mocouple ground point and the ampli- 
fier ground point—since it is common to 
both input leads—is called common 
mode voltage, as shown in Figure 1. 
And any noise voltage appearing here 
will be applied directly to the input of 
the amplifier. 


Let’s examine the magnitude of the 
problem. A typical thermocouple will 
have a peak output of about 10 milli- 
volts. If the system resolution is to be 
0.1%, then the maximum peak error 
caused by noise, drift, non-linearity and 
what-have-you can’t exceed 10 micro- 
volts. Good single-ended amplifiers 
(such as KIN TEL’s 111 series) will 
contribute less than 5 microvolts of 
equivalent input error from all of these 
causes. This means we can tolerate only 
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of common mode voltage to 0.5 volts. If 
the common mode generator impedance 
is 20 ohms, the common mode vojtage 
will be reduced to 5 millivolts, or a little 
more than two thousand times greater 
than the 2 microvolts RMS we said we 
could stand. Even if the common mode 
voltage had been 1 millivolt instead of 
1 volt, with 20 ohms of common mode 
generator impedance, the bus bar would 
reduce the common mode voltage to 
only 5 microvolts. This is still too much. 


Unfortunately, most of the figures we 
have chosen are a little on the favorable 
side. More than likely, the common 
mode voltage will be 1 volt, more than 
likely the common mode generator im- 
pedance will be less than an ohm, and 
more than likely you won't have a bus 
bar with as little as 0.2 ohms impedance 
at 60 cycles. In fact, there’s even more 
to the big bus bar fallacy than this, for 
if the generated common mode voltage 
is partly caused by electromagnetic 
pickup from high-voltage power lines 
or other sources, it may actually in- 
crease after the bus bar is installed. 
Admittedly, the bus bar may be far 
removed from power lines, but it’s not 
even safe to be in the same world with 
high-voltage, high-current power lines 
when only 2uv of noise will ruin you. 
The bus bar may also short out part of 
the input signal. We show the thermo- 
couple as a device with 100 ohms each 
side of the point at which it contacts the 
rocket engine. If this is true, and our 


bus bar is connected through the rocket 
engine to the exact center of the ther- 
mocouple, the input signal will be re- 
duced to half. If the thermocouple im- 
pedance (or, more accurately, the emf 
generating part of the thermocouple) is 
all in series with the ground (low) side, 
the signal would be almost zero. You 
can see now why we said that obtaining 
1% accuracy was difficult and 0.1% ac- 
curacy virtually impossible. 


Are we completely whipped? Yes and 
no. If our system must look exactly like 
that of Figure 1, we probably are. If we 
can change the system somewhat, per- 
haps not. What we need to beat this 
common mode voltage problem is some 
impedance in series with our ground 
loop. If we can float the amplifier, or 
the thermocouple, we can solve or at 
least improve the situation. It’s actual- 
ly impossible to float a thermocouple 
bonded to a rocket or jet engine. Even 
if the whole stand sits on concrete, there 
will still be a big potential difference 
between engine and amplifier. This 
leaves the amplifier end to work on. 


You have probably noticed that we show 
a grounded load, but not a grounded am- 
plifier in Figure 1. This is realistic. It is 
possible, for example, to float our 111 
series single-ended DC amplifiers by 
about 500 kilohms at 60 cps. This would 
be enough to keep us out of trouble 
with up to 10 millivolts of common 
mode voltage, since, in this case, we 
would produce only 2 microvolts of 
noise (100/500K x 10 mv). We are as- 
suming that the load can be floated 
sufficiently so that the impedance of the 
low side of the amplifier to ground is 
the only consideration. However, if the 
load must be tied to ground as in Fig- 
ure 1, either directly or through the low 
impedance of long cables between am- 
plifier and load, then we cannot use a 
single-ended amplifier. Or, even with 
the load floated, if the common mode 
voltage is too high, we cannot use a 
single-ended amplifier. 

THE DIFFERENTIAL AMPLIFIER 
In the foregoing discussion we have 
pointed out that single-ended amplifiers 
can severely limit the performance of 
systems employing both grounded trans- 
ducers and grounded loads. The differ- 
ential amplifier (sometimes called float- 
ing amplifier), if it meets certain re- 
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quirements, will permit the use of 
grounds at both ends of a long line with- 
out forfeiting adequate system perform- 
ance. Figure 2 is a diagram of the basic 
differential amplifier. Note that, unlike 
the single-ended amplifier in which volt- 





ages E. and E; would be equal, input 
terminal 2 and output terminal 4 are 
not common. The output of the true 
differential amplifier is only equal to 
the difference in potential between in- 
put terminals 1 and 2, times the gain 
of the amplifier, and is not affected by 
any voltage between terminal 1 and 
ground or terminal 2 and ground. Thus, 
E2, the common mode voltage, does not 
affect the input. The major figure of 
merit of a differential amplifier is com- 
mon mode rejection, or how much of 
the common mode voltage, E2, is con- 
verted to normal mode voltage, trans- 
ducer signal E,. For example, if com- 
mon mode voltage of 1 volt produces 1 
microvolt of equivalent input signal, 
the common mode rejection is 1,000,000 
to 1 (120 db). 


There are two basic types of differen- 
tial amplifiers. The most familiar is 
probably the balanced amplifier shown 
in Figure 3. This amplifier requires an 
exceptionally well-balanced input if com- 
mon mode rejection is to be good. Fig- 
ure 3 can be redrawn as the bridge cir- 
cuit shown in Figure 4. From this it 
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can be seen that the common mode re- 
jection is determined by the equality of 
R,/R; and R2/R,. With no transducer 
input signal and 1 volt of common 
mode voltage, an unbalance of only 2 
ohms will introduce 20 microvolts of 
noise, which is a common mode rejec- 
tion of 50,000 to 1. Even a simple sys- 
tem employing only a measurement 
thermocouple and a reference thermo- 
couple may well have a resistive unbal- 
ance of a 100 ohms or more. Consider- 
ing the reactive component of the im- 
pedances involved and the fact that 
most large installations employ calibra- 
tion or level-setting potentiometers in 
the transducer circuit, it is desirable 
to have an amplifier that will provide 
high common mode rejection with up 
to several thousand ohms input unbal- 
ance. This the balanced-input differen- 
tial amplifier cannot do. Internal limi- 
tations—such as the necessity of having 
carefully balanced feedback circuits — 
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also conspire to limit the performance 
of balanced amplifiers. 


If the balanced amplifier can be floated, 
that is, not tied to ground as it is in Fig- 
ure 3, common mode rejection can be 
improved. Since good input to output 
isolation cannot usually be obtained in 
balanced amplifiers, the load must be 
floated too. Considering all of these fac- 
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tors, it is difficult in practice to obtain a 
common mode rejection of more than 
1000 to 1 with the balanced amplifier. 
Nevertheless, it will improve system 
performance in the few cases where 
common mode voltage is low, but still 
too high to provide adequate perform- 
ance with no common mode rejection 
at all. If common mode voltage is low 
enough, it is probably better to use a 
single-ended amplifier. Balanced ampli- 
fiers are generally more expensive than 
single-ended and, except for common 
mode rejection, their performance isn’t 
usually as good. 

All of our common mode voltage prob- 
lems could be solved with an amplifier 
that had nearly infinite impedance be- 
tween input circuit and amplifier case 
or chassis ground, and, further, had only 
magnetic coupling between input and 
output with virtually no stray capaci- 
tance. Then the input would be isolated 
from the output and it wouldn’t make 
any difference whether the load were 
grounded or not. Is there such an ampli- 
fier? Yes. 

KIN TEL’s 114A Differential DC Am- 
plifier meets all these requirements 
and more, Common mode rejection of 
the 114A is 1,000,000 to 1 or better for 
60 cps voltages, and practically infinite 
for DC. And it provides this rejection 
with up to 10,000 ohms unbalance in 
either input lead. To obtain this kind 
of performance, it can be seen that R; 
and R, in Figure 4 would have to be 
100,000 megohms, and, at 60 cps, leak- 
age capacity to ground could not ex- 
ceed about 0.3 micromicrofarads for 
each side of the input. In order to meet 
these tough isolation requirements, the 
KIN TEL 114A employs guard shield- 
ing similar to that used in fine AC 
bridges. These guard shields surround 
the entire input and output circuits and 
are extended out to the transducer and 
load by means of input and output cable 
shields. Figure 5, a considerably simpli- 
fied version of the 114A, illustrates this 
principle. (The transformers are given 
DC response by means of input chopper 
and output demodulator circuits which 
are not shown.) If the guard shields 
were perfect, there would be no capaci- 
tance and therefore infinite impedance 
between input and output signal leads 
and chassis ground for the common 
mode voltage. 

In practice, the KIN TEL 114A provides 
10,000,000 megohms and less than 0.3 
micromicrofarads impedance between 
each input signal lead and the amplifier 
case or chassis ground. Output circuit 
impedance to chassis ground is almost 
this high, and input and output are com- 
pletely isolated from each other. In 
other respects—linearity, gain stability, 
noise, drift—the 114A closely equals the 
performance of the very best single- 
ended DC amplifiers. However, band- 
width is forfeited for common mode re- 
jection. This is a penalty the present 
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state of the art requires of all com- 
pletely floating and isolated differential 
amplifiers that are capable of providing 
high common mode rejection with an 
unbalanced input. Fortunately, the 100- 
cycle bandwidth of the 114A is more 
than adequate for bonded thermocou- 
ples, which cause most common mode 
voltage problems, and is usually ade- 
quate for strain gage measurements. 
The advantage of using the 114A with 
strain gauges is that it eliminates the 
necessity of having exceptionally well- 
isolated power supplies and permits us- 
ing one supply for a number of gauges. 
IN SUMMARY 

When you are designing a large, fairly 
complex narrow-band data-handling 
system with long lines between a 
grounded transducer and amplifier and/ 
or amplifier and load, you will have 
ground loop problems. To determine the 
magnitude of the problem, measure the 
voltage, electromagnetic field strength, 
and earth impedance between trans- 
ducer and amplifier ground points. 
From this information you can roughly 
calculate whether installation of an ex- 
pensive bus bar between amplifier and 
transducer will provide enough reduc- 
tion in common mode voltage. Examine 
power sources and loads that may be 
generating unwanted currents. Perhaps 
they can be ungrounded. If common 
mode voltage is still too high to provide 
desired system resolution (it probably 
will be), use a differential amplifier. 

If youhave a common mode voltage prob- 
lem, and you need a differential ampli- 
fier, it must have very high common 
mode rejection at 60 cps. If 60-cycle 
rejection is only marginal, you may be 
in serious trouble at slightly higher fre- 
quencies. The amplifier must be capable 
of providing this common mode rejec- 
tion with whatever input unbalance is 
present. If calibration or level-setting 
potentiometers are used to permit com- 
mutation of multiple channels, this un- 
balance can be several thousand ohms. 
To retain common mode rejection in the 
quite likely event that the load is 
grounded, the input circuit of the ampli- 
fier must be well isolated from the out- 
put circuit. And, if long output cables 
are used, the amplifier output circuit 
must be isolated from ground to almost 
the same degree as the input. Other- 
wise, the common mode voltage between 
output and load can cause trouble. All 
signal cables and shields must be ar- 
ranged to provide both adequate shield- 
ing and maximum ground loop imped- 
ance for minimum ground loop current. 
Finally, call your nearest KIN TEL En- 
gineering Representative, you'll want a 
demonstration of the 114A Differential 
DC Amplifier. 
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? k meters. Its 44 in. circular dial may 
WIAN F K(} S NEW 3 be calibrated to read either actual or 
percent flow. An ac null-balance po- 
tentiometer type, the instrument 
. . | boasts an accuracy within 2 percent 
AM carrier equipment of full scale and a repeatability within 
1 percent. Compact package weighs 
only 15 Ib.—Fischer & Porter Co., 
Hatboro, Pa. 


Circle No. 202 on reply card 


RAPID CONVERSION 


The DYKOR D101 magnetic-to-paper 
tape converter provides fast, accurate 
off-line communication between a 
computer and remote Teletype sta- 
tions. It will handle any computer 
output in which the code is 6-bit 
parallel plus a parity bit and serial by 
character and convert this to its cor- 
responding form on standard paper 
tape. A high speed perforator punches 
240 characters per sec, while a control 
plugboard permits insertion of car- 
riage returns, line feeds, and blanks. 
Figure-to-letter shifts are inserted 
automatically whenever the output 
calls for such a translation. Transis- 
torized printed circuits and self-check- 
ing facilities contribute to its high 
reliability—Digitronics Corp., Albert- 
son, L. I., N. Y. 


Circle No. 203 on reply card 


CHARACTER GENERATOR 


Suitable for either continuous display 
of tabular information or insertion of 
written data into pictorial displays, 
Philco’s new high-speed electronic 
character generator provides a selec- 
tion of up to 64 characters of any 
shape or size. These are located on 
a character mask within the basic gen- 
erator module. Alternate masks can 
provide an entirely different set of 
characters. In a typical application, 
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PERMANIZING 
DEVELOPER 


a Three good instrument manufacturers, dear friends of ours, have 
been pushing for all they’re worth a type of oscillograph that puts out a 
visible record instantly, without chemical processing. Maybe you have one 
or a bank of them. They’re terrific. They use Kodak Linagraph Direct Print 
Paper. Occasionally—maybe often—you get a record that you wish had the 
long life that chemical processing gives. Now you can have your cake and 
eat it. Just dissolve this new powder in a gallon of hot water, dunk as di- 
rected, fix, wash, and dry. No darkroom needed. Your Kodak dealer has it 
right now. 


NEW FROM KODAK 


Photo Recording Methods Division, EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
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New UNION readout instruments 
withstand shock, vibration and 
extreme temperature changes 


Union Switch & Signal’s new READALL* 
readout instrument replaces complicated 
systems of lights and relays for reading, 
storing or transferring all types of in- 
formation for industrial and military 
applications. It is not to be confused with 
conventional indicating devices. 


Designed to meet require- 
ments of MIL-E-5422D. The 
new READALL readout instrument is 
precision-built and provides instantane- 
ous and continuous operation under con- 
ditions of shock, vibration and extreme 
ranges in temperature. The digital dis- 
play includes characters in numerical 
sequence from 0 to 9 plus two blank 
spaces. 74-inch characters can be illumi- 
nated red or white as desired; when not 
illuminated, they appear white against 
a black background. 


Reliability. Performance through one 
million random operations is an in- 
herent feature of the new READALL in- 
strument, Each module is gasket-sealed 
in its case to exclude moisture and seal 
out foreign particles. An especially thin 
enclosed DC motor, containing ball bear- 
ings, permits more efficient operation. 


Modular Construction. A 
unique feature of the readout instrument 
is its modular construction. It can be 
used individually or in groups to display 
multiple characters in a single case. 


Direct Code Translation. The 
operation of the READALL readout in- 
strument is based on a positioning system 
using a four-bit code. The visual display 
is the result of a direct electro-mechani- 
cal conversion of a binary signal to a 
decimal read-out. There is no need for 
additional conversion equipment. Sepa- 
rate code and motor circuits permit the 
use of the readout instrument in low- 
level circuitry. 


Electrical and Visual Data 
Storage. Once positioned, the infor- 
mation is displayed until a new code is 
transmitted to the instrument. No power 
is consumed while the information is 
retained. This data may be stored or 
read-out electrically for further trans- 
mission or recording. 


Operate Time. The operate time 
varies from 0.1 second to 1.0 second de- 
pending on character position. 


Weight and Size. Maximum 
weight including case is seven ounces; 
without case, four and one-half ounces. 
Size encased is 5134 inches long, 1474 
inches high and 3%, inch wide. The new 
READALL instrument is designed for 
operation over a temperature range of 
-54°C to +71°C in humidities up to 
100% and altitudes up to 70,000 feet. 
For more information, write for Bulletin 
1019. * Trademark 
See us at Wescon Show August 18-21 
at Booths 2613-2615. 


“Croneens in Pubh= Button Science” 
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UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY —— 


PITTSBURGH 18, PENNSYLVANIA 
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the generator uses a standard dual- 
deflection cathode ray tube. Major 
input positions are applied to the 
magnetic deflection yoke, while volt- 
age waveforms applied to the electro- 
static deflection plates sweep out the 
desired character. Digital inputs may 
be used for character selection and 
writing speeds can be varied up to 
50,000 characters per sec.—Philco 
Corp., Philadelphia, Pa. 


Circle No. 204 on reply card 


PLUS. ... 


(205) Gilmore Industries, Inc., Cleve- 
land, Ohio, has developed a new 
multi-channel plotter for scanning 
and plotting strain vs load data on in- 
dividual graphs. . . . (206) A low-cost 
temperature recording system, de- 
signed to handle up to 75 thermo- 
couple inputs, was recently announced 
by Datex Corp., Monrovia, Calif. 
(207) Navigation Computer Corp., 
Philadelphia, Pa., offers two new 
transistorized units for handling non- 
return-to-zero data. . . . (208) From 
Fischer & Porter Co., Hatboro, Pa., 
comes word of a new 4-inch strip chart 
recorder with an inking system that 
provides a full month’s record with- 
out refill. 


Circle No. 205, 206, 207, or 208 on 


reply card 
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EASILY EXPANDED 

The AD-1, a new low-cost electronic 
differential analyzer, may be readily 
expanded to provide a medium-size 
general-purpose analog computing 
facility. Its operational amplifiers are 
all mounted in 44 by 14 in. modules, 
each containing four amplifiers, 





What a build! 


... solid state components 


in New Fenwal 


Here’s a new, low-cost temperature controller that’s 
really built “solid”: thermistor sensing element, printed 
circuit, transistors. No wonder the Fenwal 535 Temperature 
Controller provides high precision, trouble-free operation 
and long life! 

The Model 535’s solid state components pay off in sim- 
plicity and dependability. The thermistor sensor mounts up 
to hundreds of feet from the controller using uncompen- 
sated electric wiring; has virtually limitless life; feeds into a 
rugged transistor amplifier. No moving paris . . . nothing 
to wear out! 

The Model 535 is the latest advance in the low-cost line 
of Fenwal Temperature Controllers specifically developed to 
fully exploit the advantages ... rapid response, compact size, 
reliability . . . of solid state components. And Fenwal, 
alone, has integrated production of both controllers and 
thermistors. 

Use the Fenwal Model 535 Controller for fast response 
and close control of temperatures from —25°F to +600°F 
in plastics, packaging, or other critical applications. Get full 
detzils from a Fenwal Sales Engineer or write for catalog. 
Fenwal Incorporated, 298 Pleasant Street, Ashland, Mass. 


Temperature Controller combine precision with extra reliability 


Single point Model 535 Fenwal Temperature Controller has 
2°F setting accuracy and sensitive operating differentials 
from 0.4°F to 1.2°F. Current capacity: 5 amps. 115 volts 
AC — 10 amp. model later in 1959. 


CONTROLS TEMPERATURE... PRECISELY 
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Maximum Dependability 


LOW COST 


ACTUAL SIZE 


The new T-154 relay 
is now being manufactured by 
Allied Control at Plantsville, Conn. 


General Features: 


Operate Sensitivity: 
From 90 milliwatts for 1.3 ohm coil to 160 milliwatts for 15,000 
ohm coil up to 2 Form C 


From 200 milliwatts for 1.3 ohm coil to 400 milliwatts for 15,000 
ohm coil up to 6 Form A 


Coil Resistance: Up to 15,000 ohms 
Coil Voltage: Up to 140 volts d-c 


Contact Rating: 
Low Level to 1 ampere 29 volts d-c or 115 volts a-c resistive. 
5 ampere contacts are available 


Contact Arrangement: Up to 6 Form A, B and 4 Form C 
Operate and Release Time: 7 milliseconds max. at 1 watt 
Shock: 10 g's 

Vibration: 10 to 55 cps at .062” double amplitude 
Enclosure: Dust proof and hermetically sealed 


For complete information write for Bulletin T154 


ALLIED CONTROL 


ALLIED CONTROL COMPANY, INC., 2 EAST END AVENUE, NEW YORK 21, N. Y. 
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banana-jacks, and associated compo- 
nents for linear computation. Power 
supply, control circuitry, coefficient 
pots, and all nonlinear equipment are 
mounted in similar modules. An ini- 
tial installation may contain from 4 
to 32 amplifiers; a patchboard conver- 
sion unit allows further expansion to 
48 amplifiers. Nonlinear equipment 
includes passive-circuit square-law mul- 
tipliers and diode function generators, 
Prices for complete computers start 
at $1,750.—Applied Dynamics, Inc., 
Ann Arbor, Mich. 


Circle No. 209 on reply card 


‘ 


IMPEDANCE BRIDGE 

The Type 1650-A impedance bridge, 
pictured above, features an exclusive 
new mechanical ganging device, called 
Orthonull, that facilitates measure- 
ment of low-Q inductors or high-D 
capacitors, Accuracy is within | per- 
cent for all R, C, and L measure- 
ments and within 5 percent for QO 
and D measurements. Self-contained 
and portable, the instrument sells for 
$440.—General Radio Co., Cambridge, 
Mass. 


Circle No. 210 on reply card 


PLOTS SOUND LEVELS 

In the Type 1521-A_ transistorized 
graphic level recorder, a high-speed 
null-seeking servo positions a_loga- 
rithmic potentiometer and a pen to 
record the rms level of an ac voltage, 
either as a function of time or some 





Tubexperience in action 


Brown Instruments, Industrial Division of Minneapolis- 
Honeywell Regulator Company, a leading manufacturer of 
indicating, recording and controlling instruments, recog- 
nizes the advantages of long lengths of capillary tubing. 


Up to 3000 ft. of capillary tubing in 1 piece 


Seldom does an instrument installation require 3000 ft. of 
capillary tubing in one piece—the quantity is normally much 
less. But the advantages of long lengths are numerous. A 
simple long length of capillary tubing has greater ID uni- 
formity than a series of short lengths separately produced. 
This permits more accurate transmission of data between 
instruments controlling a process. Instrument manufacturers 
find that long lengths reduce scrap. They also lessen the 
number of setups required and the costs of inserting the 


Syosrr fide 


capillary tubing in flexible metallic protective sheathing. 


Superior has spent years in the development of manufacturing 
processes and quality control procedures for the production 
of close tolerance tubing. ODs range up to %% in., IDs from 
.004 through .040 in. Analyses include Types 304, 316, 321, 
347 and 446 stainless; also Monel, Inconel, nickel and carbon 
steel alloys. Data Memorandum No. 11 gives complete details 
—let us send you a copy. Superior Tube Company, 2026 
Germantown Ave., Norristown, Pa. 


Monel and Inconel are registered trade- 
marks of International Nickel Co. 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 24 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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The Worthington Corporation used a Honeywell 
906 Visicorder to chart the heartbeat of a Worth- 
ington Tripower diesel engine. These Tripower 
(oil fuel, dual fuel, or spark ignition gas) engines 
have a fourteen inch bore, an eighteen inch 
stroke, and develop more than 265 h.p. per cyl- 
inder at 450 RPM. 

The Visicorder used in these tests makes a 
direct, instantly-readable record of the pressure 
variations in the exhaust manifold, cylinder, and 
intake manifold to determine optimum valve 





Ted Dupler (left) and John McAllister, 

Worthington Engine Research Engineers, measnre intake 
manifold, cylinder, and exhaust manifold pressures 

and valve stroke on a Tri power with 

@ Honeywell 906 Visicorder. 


timing and engine configuration. The Visicorder 
also produces a permanent record of strain gauge 
measurements taken on the frame and other criti- 
cal engine parts. 

For the manifold and cylinder pressures, strain 
gauge pressure transducers and a strain gauge 
amplifier were used. For the valve lift patterns, a 
linear potentiometer powered with a small bat- 
tery was connected directly to the Visicorder. 

Analysis of these data has led to changes in the 
Tripower engine for best performance. 


The Honeywell Visicorder is the pioneer and un- 
questioned leader in the field of high-frequency, 
high-sensitivity direct recording oscillography. 
In research, development and product testing 
everywhere, instantly-readable Visicorder records 
are pointing the way to new advances in product 
design, rocketry, computing, control, nucleonics 
...in any field where high speed variables are 
under study. 

The new Model 906A Visicorder, now avail- 
able in 8- and 14-channel models, produces lon- 
gitudinal grid lines simultaneously with the dy- 
namic traces, time lines, and trace identification 
by means of new accessory units. 

To record high frequency variables —and 
monitor them as they are recorded—use the Visi- 
corder Oscillograph. Call your nearest Minne- 
apolis-Honeywell Industrial Sales Office for a 
demonstration. 


Reference Data: Write for Visicorder Bulletin 
Minneapolis-Honeywell Regulator Co, 
Industrial Products Group, Heiland Division 
5200 E. Evans Ave., Denver 22, Colo. 


Honeywell 
[EL] Qudustrial Produits Group 
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How to trip a relay* 


WITH A WEE PULSE 


The technique of operating relays by 
direct application of pulses is nowhere 
near as widely used as (we think) it should 
be. This method lets you keep relay energy 
consumption and power supply drain 
down to a bare minimum — particularly 
if bi-stable polar relays are used. When 
you combine pulse operation with mag- 
netic latching, no continuous coil current 
is needed to keep the relay contacts 
closed. Of course we have an ax to grind 
in that there are now no 
less than six* series of 
Sigma polarized, magnetic 
latching (Form Z) relays 
which can operate on 
single pulses. The newest re 

of these is the subminiature Series 32 — 
which, when operated in this power- 
pinching way, could be just what you’ve 
been looking for. 


Here are some of the “high spots” in the 
technique of transferring the armature from 
one contact to the other with minimum 
energy. Ideally, the armature should arrive 
at the center of the air gap with zero 
velocity, whereupon the magnetic field can 
take over. A current pulse that starts out 
at trip value and decreases linearly to 
zero as the armature reaches the mid- 
point could do this (fig. 1), but the in- 
ductive relay coil makes such a pulse 
circuit impossible. 
* Sigma Series 6, 7, 
32, 61, 72 & 73 


SIGMA 





t 
Fig. 1 

However, similar waveforms can be ap- 
proximated by a capacitor-stored pulse 
discharged into the relay coil. Although 
there are several fundamentally similar 
ways of doing this, one circuit (fig. 2) 
wastes no energy in a resistor and permits 
the relay to take a round trip operation 
ona single slug of energy from the source. 

















As you get deeper into this business, it 
turns out that at least two quantities must 
be known to apply this method: the “pulse 
constant” in microjoules per mw. of relay 
sensitivity, and the “matching constant” 
in microseconds. A technical paper dis- 
cussing all of the foregoing in some detail 
(presented at the recent NARM Confer- 
ence ), pulse applica- 

tion data, Series 32 

bulletin, etc. are 

available on request. 

Ask for the special 

“Pulse Packet’, hand- 

somely bound in a 

manilla envelope. 


At WESCON — 
Booths 1901 & 1903 


SIGMA INSTRUMENTS, INC. 
69 Pearl St., So. Braintree 85, Mass. 


AN AFFILIATE OF THE FIGHER- PIERCE CO. (since 1099) 
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time-dependent parameter such as 
frequency. Three interchangeable po- 
tentiometers, with ranges of 20, 40, 
and 80 db, are available. Writing 
speed is adjustable up to 20 in. per 
sec. Four chart speeds, between 2.5 
and 75 in. per min, are provided, but 
an optional interchangeable motor 
will reduce these speeds by a factor 
of 60 for long-term studies (up to 480 
hrs). With a linear potentiometer, 
also available as an accessory, the in- 
strument becomes a_ general-purpose 
de recorder having an adjustable zero 
level and a 0.8-volt full-scale sensi- 
tivity.—General Radio Co., West Con- 
cord, Mass. 
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PRIMARY ELEMENTS 
& TRANSDUCERS 


GYRO INTEGRATING 


Mass flow of both liquids and gases 
can be accurately measured and inte- 
grated by the new GE Type LB flow- 


meter pictured above. Completely 
self-contained, the device includes 
four basic components: 

ea flow sensor that operates on the 
well-known angular momentum prin- 
ciple and produces a torque propor- 
tional to mass flow, 

ea gyro that accurately measures the 
torque produced by the flow sensor 
and precesses at a proportional rate, 
ea cyclometer register, geared to the 
precession axis of the gyro, that indi- 
cates total flow in pounds, and 

ea contact device that can be used 
to actuate auxiliary equipment. Oper- 
ating the gyro rotor and impeller mo- 
tor from the same source eliminates 
the need for a regulated power supply. 
The meter will handle liquid flows 
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Life 
Unlimited! 
This smaller, 
lighter, molded unit 
offers the systems engi- 
neer a component which is 
nearly indestructible both electrically 
and mechanically. Complete common 
mode rejection is an inherent feature, In this 
new line of FERRAC amplifiers, the conventional plug-in 
arrangement has been replaced by a bolt-down 
unit with a low center of gravity eliminat- 
ing the need for a mounting clamp. 
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up to 240,000 pph and gas flows to 
40,000 pph, depending on pressure. 
Makers claim that accuracy is within 
1 percent and repeatability within 4 
percent from 10 to 133 percent of 
the nominal flow rating. Unit draws 
only 55 watts from a 120-volt, 60- 
cycle line—General Electric Co., 
Schenectady, N. Y. 
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OIL-DAMPED PICKUP 

Oil-damping of this P285TC minia- 

ture pressure transducer enables it to 

withstand the violent pressure tran- 

sients generated in shock tubes or 

transmitted from firing chambers. At 

the same time, it retains the high 

natural frequency of undamped minia- 

ture flush-diaphragm instruments. 
racteristics: 

Range: 0-50 to 0-1,000 psi 

Output: approximately 28 my full 

scale open circuit‘at 7 volts excitation 

(ac or dc) 

Linearity: within 1 percent 

Case length: 49/64 in. 

Width across flats: 1.0 in. 

Weight: approximately 3 oz 

—Statham Instruments, Inc., Los An- 

geles, Calif. 
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NEEDS NO RELAYS 
A 500-ma output circuit enables this 
Model AP-124 bi-directional shaft 
encoder to directly pulse data process- 
ing equipment, without an interme- 
diate relay matrix. A second output, 
of 4 to 1 ma, is available for neon 
lamps or other display devices. Unit 
shown consists of three decades, but 
any number of decades can be pro- 





SWARTWOUT AutroniC® INSTRUMENTATION 


eliminates trouble at the 
transmitter - - - where 
trouble is really TROUBLE 


The differential transformer, heart of the 
transmitter, is so dependable in operation that 
Swartwout guarantees its performance un- 
conditionally for life. What more could be 
said? 

Added to the control advantages of the 
fully electronic loop is the dependability of 
the exclusive AC-DC system. It offers the best 


of everything: AC in sensory and amplifica- 
tion circuits; DC in the control output signal. 
It is tested, proven and praised by users in 
all fields. 


Fer good reasons, the trend is definitely 
AutroniC ... and the full facts are available 
te you in a new series of four bulletins. Re- 
quest Bulletin Series A-801. 


No instrument transmitter, either developed 
or on the horizon, matches Swartwout in 
simplicity . . . reliability . . . or performance. 

Swartwout offers utmost reliability where 
it counts most: out on the process line. With- 
out tubes or transistors . . . electrical ad- 
justments, slide wires or involved circuitry . . . 
without orifices to plug or magnetic ampli- 
fiers . . . the AutroniC transmitter has vir- 
tually nothing that can fail. No tinkering; 
no tampering; no replacements; no trouble. 


...world teader in THE SWARTWOUT COMPANY 
electronic process 18511 EUCLID AVENUE, 


instrumentation CLEVELAND 12, OHIO 
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ROTARY .":""2°", SWITCHES 


FOR 
ELECTRIC 
CIRCUITS: 


Type JL rotary switch is a 
low-power switch with an elec- 
trical rating of 5 amperes, 125 
volts a-c. A maximum of eight 
positions — up to ten sections 
— are controlled by a single 
knob. This type permits un- 
limited rotation in both direc- 
tions but can be limited to any 
number up to eight positions 
by two stop screws. It is de- 
signed for single-hole panel 
mounting. Meets MIL-S- 
21604 and BuShips Drawing 
Number 9000-S6202-74422. 

, Write for free Bulletin 101-A 
containing comprehensive data. 








ACTUAL 
SIZE 


ELECTRONIC 
CIRCUITS: 


Type MA-12 is a minia- 
ture rotary switch with an elec- 
trical rating of 3 amperes, 115 
volts a-c, A maximum of six 
contact positions — up to five 
sections — are controlled by a 
single knob mounted on a 4” 
shaft. Rotation can be un- 
limited in both directions but 
can be limited from two to 
twelve positions by two stop 
screws. This type rotary switch 
mounts in %” square, single- 
hole panel mounting. Designed 
to meet MIL-S-3786. 


AT See us at Booth Number 3522 at the WESCON 


WESCON 


show, August 18 - 21, 1959 in San Francisco. 
We exhibit a broad line of our rotary switches, 


demonstrate their usefulness and applications, 
and show some typical samples of “SPECIAL 


SWITCHES”. 
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vided. Standard 10:1 gearing links the 
brushes of each decade, and a solenoid 
furnishes both the power and intelli- 
gence to actuate the next decade. 
Maximum slewing speed is 1500 rpm, 
each revolution providing 10 counts. 
An internal switching arrangement 
prevents ambiguity in the readout 
which has an error of less than 4 the 
least significant digit—United Pre- 
cisioneers, Inc., Calabasas, Calif. 


Circle No. 214 on reply card 


PLUS. ... 


(215) A new chamber-type unbonded 
strain gage pressure pickup, by the 
Transducer Div. of Consolidated Elec- 
trodynamics Corp., Pasadena, Calif., 
retains its accuracy at pressures up to 
10,000 psi. . . . (216) Ohio Semicon- 
ductors, Inc., Columbus, Ohio, has de- 
veloped a new Hall-effect device fea- 
turing high gauss sensitivity and wide- 
range temperature stability. 


Circle No. 215 or 216 on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 


t 


SPECIAL PURPOSE 


The Model 760-W Maximizer repre- 
sents a special version of the Quarie 
optimal-mode controller introduced 
three years ago. Whereas earlier mod- 
els were designed to control at any 
slope on the process curve, the 760-W 
controls only at zero slope. Not a 
peak-seeking device but a true zero- 
slope controller, it will maximize or 
minimize a given process condition. 
Typical applications include: maximiz- 
ing dollar gain across a distillation 
column; controlling solvent flow in a 
catalytic reaction to obtain maximum 
product; minimizing fuel costs in a 
furnace or boiler; or holding a mini- 
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FROM YOUR P2B DISTRIBUTOR 
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32 STANDARD PaB CRYSTAL CASE RELAYS 


Prototype or small-production-run 
quantities of P&B’s micro-minia- 
ture relays are now available from 
your local electronic parts distribu- 
tor. Choose from 2 types, 4 mount- 
ings, 4 coil voltages—32 models 
in all. 

P&B’s dual coil, permanent 
magnet, crystal case relays remain 
operative under 100g shock, 30g to 
2000 cps vibration. Modern White 
Room production facilities assure 


= 


highest possible reliability. 

The SC conforms to standard 
dimensions and circuitry, and can 
replace ordinary relays of the same 
size. 

The SL, a latching relay, utilizes 
the dual-coil, permanent magnet 
principle to provide a highly effi- 
cient, tenacious latch, assuring high 
contact pressure. 

Order today from your local electron- 
ics parts distributor. 


SC and SL SPECIFICATIONS: 
Sheck: 100g for 11 millisec. 


Vibration: 30g from 55 to 2000 eps 

195” max. excursions from 10 to 55 cps 
Ambient Temperature Range: 

—65°C. to +125°C. 
Centact Arrangement: dpdt 
Centact Load: 2 amps at 30 vde 

1 amp at 115 vac, 60 cycle 
Sensitivity: 

SL—230 milliwatts at 25°C. with 

630 ohm coil 


SC—260 milliwatts at 25°C. with 
550 ohm coil 


@ POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 





Typical Control Functions 
solved by AIR CIRCUITRY 


Westinghouse Multi-Position Cylinder 


The Westinghouse Air Brake Company’s 
complete line of AIR CIRCUITRY com- 
ponents contains a wide variety of pneu- 
matic positioners to handle almost all of 
your force and positioning requirements. 

No longer is pneumatic positioning limited 
to a single or double acting cylinder. Re- 
motely controlled by directional and/or 
pressure control valves, both variable and 
fixed force and positioning is possible. Along 
with all the advantages of air, these devices 
are easily maintained and serviced, Un- 
complicated and rugged, pneumatic posi- 
tioners may be the answer to your control 
problems. 


Typical Applications — The illustrated 
positioners have been used in almost every 
field of industry today. These positioners can: 
clamp punch snub convey push 
rotate lock form bend blank 
index broach crimp cushion pull 
hold squeeze twist stretch eject 
feed shear raise brake move 
pierce lower press turn coin 


If you have a positioning problem, let us 
know about it. It can probably be solved 
with AIR CIRCUITRY. For more informa- 
tion, ask for our catalog on Positioners. 


What is AIR CIRCUITRY? 


This is the Westinghouse term for appli- 
cation of pneumatic control systems to 
industrial production operations. Safe, eco- 
nomical, precise AIR CIRCUITRY is now 
being used to solve the most rigorous and 
complex control problems in industry. West- 
inghouse Air Brake has pioneered the appli- 
cation and development of air control for 
more than 80 years. Today our engineers 
can design an air circuit which will help 
you boost production and cut costs in your 
plant or shop 


1, ONE AND TWO STATION POSITIONING—Single and 
double acting cylinders can perform all types of 
force and positioning functions. The Westing- 
house line of cylinders includes diameters from 
1” to 10”; strokes to suit application; single and 
double end; foot, swivel, flange and trunnion 
mounts. 


2. MULTI-STATION POSITIONING — Controlled by an 
associated directional valve, these cylinders 
attain 3, 4, 5 and 7 fixed positions of stroke. 
Three position cylinders are available in 2”, 3”, 
4”,5” and 6” diameters. Strokes may be obtained 
to suit application. 


- \ 
\ \\ 


a 
3. VARIABLE FORCE AND POSITIONING — Diaphragm 
type cylinders are controlled by manually or 
mechanically operated pressure control valves 


to achieve a variable force or position of the rod. 
Various diaphragm areas and strokes available. 





tioner has an infinite b of positions, 
governed by the amount of air pressure acting 
on its spring opposed diaphragm. Remotely 
operated pressure control valves dictate the 
position of the operated lever. This device has 
a low force rating. 


5. INFINITE POSITIONING-HEAVY—The Westinghouse 
PNEUDYNE® Positioner can position accurately, 
independent of the opposing force, up to its 
power capacity. The power capacity is deter- 
mined by piston size and supply pressure. Re- 
motely controlled by pressure contro! valves, 
this device maintains its position throughout 
changes in the opposing force. 


See the Yellow Pages under Cylinders for the Name of Your Local Distributor 


WESTINGHOUSE AIR BRAKE COMPANY 





(x) 


INDUSTRIAL. PRODUCTS DIVISION, WILMERDING, PENNSYLVANIA 
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mum or maximum conductivity or 
viscosity. It permits simplified com- 
puter control on a unit process basis. 
—Quarie Controllers, Canton, Mass. 


Circle No. 217 on reply card 





FM/FM COMMUTATOR 
Developed for use in fm/fm teleme- 
tering systems, this new commutator 
includes 2 poles with 30 contacts each 
and 2 poles with 60 contacts ‘ach. 
All contacts are of the make-before- 
break type. With all 180 data chan- 
nels available at hermetically sealed 
connectors, the unit can be externally 
wired for any desired sequence. A 
28-volt de ungoverned motor provides 
the drive. Guaranteed for better than 
250 hours operation, the unit has an 
overall length of 64 in. and weighs 
3 Ib.—Instrument Development Labo- 
ratories, Inc., Attleboro, Mass. 


Circle No. 218 on reply card 


SEQUENCE PROGRAMMER 

Photo above shows a new sequential 
program controller, the Model 12A4P- 
10, which provides up to 10 successive 
relay closures at the completion of 
cumulative preset counts. This unit 
uses a four-decade indicating counter 
and will handle either time-pulse or 
shaft position input data. Cost of the 





first in today’s front page developments 


on ¢ 
*e ped LP | 
wi 
pest > [eslae 


GYRO TEST TABLE (Model RD) 
Positioning data accuracy guaranteed 
to 2 sec. arc. Complete electronics 

for testing any type of inertial gyro or 
complete inertial reference packages. 


GYRO AND 
GYRO SYSTEM TEST EQUIPMENT 
for today’s front page missile programs 


Reeves’ research and development in the field of precision gyros has always paced the 
industry, resulting in over ten years of high level gyro production, based on exacting 
reliability standards subject to the most exhaustive quality control. Today’s gyros and 
gyro systems demand high precision test equipment far beyond the capabilities of com- 
mercially available instruments. To meet this need, Reeves has specified, designed, and 
built test equipment capable of meeting the most stringent requirements — not only for 
today, but for the foreseeable future as well. 


Through the years, this test equipment has been refined and packaged to the point where 
Wwe now can present with confidence the most accurate and comprehensive line of gyro 
test equipment available. 


superbly precise .. . fast, simplified operation ... maximum reliability 


This equipment has numerous practical 
advantages for producers and users of 
gyros and gyro systems. Exceptional ac- 
curacy and flexibility permit rapid test- 
ing of today’s most advanced gyros and 
inertial reference packages, as well as 
tomorrow’s even more advanced designs. 


Ease and reliability of operation, along 
with intelligent human engineering, allow 
for rapid training of equipment opera- 
tors. Production quantities can be tested 
with laboratory precision. 


TYPICAL ELECTRONICS GROUP for inertial ref- ° 
erence package system test. All Reeves equipment 
offers Laboratory accuracy with production line 
practicality. 


Simplified maintenance and service as- 
sure against costly down-time. 


Your inquiries are invited. 


REEVES INSTRUMENT CORPORATION 
A Subsidiary of Dynamics Corporation of America Roosevelt Field, Garden City, New York 
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GYRO TEST CONSOLE 
(GTS-1001C) First fully equipped 
COMPLETE test facility for testing 
of single axis integrating gyros. 
Can also be adapted for testing 
precision floated accelerometers. 


DIFFERENTIAL 
WATTMETER High 
precision test detection 
of extremely small power 
consumption differentials 
in gyro spin motors and 
other types of rotating 
components. 


See our display 
at WESCON 
Booths 3303-3305 
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THE ONLY 


AVAILABLE 


STATISTICAL-ANALOG COMPUTER 


4 


Computer is without a doubt 
the most advanced in the state 
of the art, and is in 

every sense of the meaning... 


The GPS Statistical-Analog J 


The basic GPS computer is a compressed 
time-scale analog computer which oper- 
ates 3000 times faster than real time. A 
solution is generated and repeated auto- 
matically at rates up to 50 times/sec. As 
many as 3000 independent runs or solu- 
tions can be statistically evaluated in a 
minute of time. 


With the GPS computer you eliminate 
the drudgery of routine analyses, the end- 
less footage of data recording, and the 
subsequent tedious data reduction. 


Because of the new design principle 
and inherent versatility, the GPS com- 


> A TRULY HIGH-SPEED, HIGH 
CONFIDENCE-LEVEL COMPUTER 
> A TREMENDOUS 
TIME AND MANPOWER SAVER* 


> UNRIVALLED OR UNEQUALLED 
IN PERFORMANCE 


> VERSATILE IN APPLICATION 


puter provides immediate computation of 
the statistical and dynamic chayacteristics 
of: 

@ Missile guidance and control systems 
Radar systems in general 

Process and quality control 

Flight control 





any 


*An analysis of a missile miss-distance was 
conducted at the GPS COMPUTER CEN- 
TER by the research laboratory of a large 
aircraft firm. Their report stated that, ‘'25 
times as much data (with higher confidence- 
level) was collected in one week on the 
GPS computer as was collected and analyzed 
in 4 months time on a slow-speed computer’ 
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unit less pickups and special pream- 
plifiers is below $1,500.—The Red- 
ford Corp., Lake Luzerne, N. Y. 


Circle No. 219 on reply card 


POWER SUPPLIES 


SHORT RECOVERY TIME 


Priced at $610, the Model ME36- 

5EM power supply contains a mag- 

netic line voltage regulator and a tran- 

sistorized regulator circuit. The first 

protects the transistors against exces- 

sive power dissipation when the output 

is shorted, and the latter provides low 

recovery time with overshoot less than 

1 percent of the voltage setting. Out- 

put voltage is 0 to 36 volts de at 0 to 

5 amp, and is vernier controlled. 
Characteristics: 

Ripple: less than 1 mv, rms 

Line regulation: 0.05 percent 

Load regulation: 0.1 percent 

Size: fits 19-in. relay rack 

—Mid-eastern Electronics, Inc., Spring- 


field, N. J. 
Circle No. 220 on reply card 





BRAND NEW LINE 


Our engineers are ready to assist you. 
For further details please write or call Dept 21 


INSTRUMENT CO., Inc. 


180 NEEDHAM STREET + NEWTON 64, MASS. 
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This plug-in module, designed for 
individual or multiple mounting in 
panels and relay racks, is part of a 
brand new series of highly regulated 
de supplies. Both vacuum tube and 
transistorized models are available 


CONTROL 





NOW... FROM 

NORTH ELECTRIC 

4& 6 POLE RELAYS 

FOR MILITARY AND 
INDUSTRIAL APPLICATIONS 


Subminiaturized, ruggedized, hermetically sealed relays—designed 

for superior performance and maximum reliability in missile and airborne 
applications, these relays meet and exceed the stringent specifications 
of MIL-R-5757A, B, C and MIL-R-25018 (USAF). 


4 and 6 PDT relays available for AC, DC and Dry Circuit use. 


For full spec data and complete listing of types available, write— 
INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY 


298 S. MARKET, STREET, GALION, OHIO 
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«« first electrostatic generators for 
industrial use that can give several 
kilowatts at up to 600,000 volts de 


The complete line of “Sames” electrostatic 
generators—the first practical industrial elec- 
trostatic power supplies—are now available in 
the U.S. from Sorensen & Company. They 
supply from 50 to 600 kilovolts dc at substan- 
tial amounts of power (2400 watts for the 
600 kv model). 

The Sames generators (so-called from their 
manufacturer, Societe Anonyme de Machines 
Electrostatiques, Grenoble, France) are ex- 
tremely compact and safe compared to trans- 
former-rectifier-filter-type supplies in similar | 
kilovolt ranges. The electrostatic generators 
are available in highly stabilized models sup- 
plying 50, 100, 150 and 600 kilovolts that are 
particularly suitable for electron-microscopy 
and many critical nuclear physics applica- 
‘tions. Medium stability models with outputs 
of 50, 80, 100, 140, 150, 250, 300, and 600 
kilovolts, have found wide application in Eu- | 
rope for testing cable insulation, alternator 
windings and other dielectrics, electrostatic 
flocking, painting and particle precipitation, 
electron and nuclear particle accelerators and | 
siinilar applications. 

Write for complete details on Sames elec- 
trostatic generators to Sorensen & | 
Richards Avenue, South Norwalk, Conn, 2.36 | 


VOLTAG E 


SAMES 
600-kilovolt 
electrostatic 
generator 
with control 
panel and 
electronic 
unit, 














SORENSEN & COMPANY, INC. | 

| 
Richards Avenue, South Norwalk, Conn. | 
WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 


tn Europe, contact Sorensen-Ardag, Zurich, Switzerland. | 
In Western Canada, ARVA. In Eastern Canada, Bayly | 
Engineering, Ltd. Im Mexico, Electro Labs, S.A., Mexico City. 
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with a wide variety of output currents 
and voltages. Line and load regula- 
tion on all models is within 0.25 per- 
cent; ripple, less than 5 mv, rms.— 
Plug-In Instruments, Inc., Nashville, 
Tenn. 

Circle No. 221 on reply card 


HIGH-VOLTAGE SUPPLY 

Suitable for nuclear research, experi- 
mental, and industrial applications, the 
Model PS 25-200-1 de power supply 
will deliver 200 ma at 25 Kv, operat- 
ing from a 208 volts, 60-cycle, 3-phase 
line. Multiplier resistors permit a 
100-ua full scale meter to indicate out- 
put voltage. Unit is housed in a steel 
cabinet measuring 21 by 174 by 18 in. 
high, with a hand hole in the top cover 
to facilitate replacement of the recti- 
fier tubes.—-Del Electronics Corp., 
Mount Vernon, N. Y. 


Circle No. 222 on reply card 


PLUS. ... 

(223) A series of 10 new low-voltage, 
transistor-regulated power supplies, 
with outputs ranging from 10 to 50 
volts de, was recently announced by 
Power Sources, Inc., Burlington, Mass. 
. (224) Arkay ‘Engineering, Inc., 
Santa Monica, Calif., offers the Series 
RK200 encapsulated, solid-state fre- 
quency standards with pulse or square 

wave outputs. 
Circle 223 or 224 
on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 
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LIGHTWEIGHT MUSCLE 

Driven by a 26-volt de bi-directional 
motor, this new lightweight actuator 
will move a load in excess of 100 Ib. 
Yet it weighs only 0.8 Ib, measures 
6% in. long, and uses a single gear 
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GROUND SUPPORT EQUIPMENT 


A Proven Kearfott Capability — Kearfott’s prominence in the design and production of 
ground support equipment is a result of 15 years’ experience in producing precision servo systems, 
computers, gyro reference systems and inertial guidance equipment. Kearfott test equipment 
is designed on modular principles which increase flexibility and economy and eliminate the 
obsolescence factor since modules can be readily modified or replaced. Modules are designed to 
be compatible with one another, thus providing test capabilities for a wide variety of applications. 


IN- PLANT TEST EQUIPMENT: Rack-mounted modules comprise the 
necessary metering circuits, signal generators and power supplies, 
switching circuits and junction boxes to perform the following tests 
on inertial reference systems: 

Voltage and phase « Current « Heating cycle checks « Verticality of plat- 
form in ground erection mode « First order erection time in ground erection 
mode « Measurements of platform roll and pitch output angles in ground 
erection mode « Measurements of free drift of platform in azimuth in 
ground erection mode « Measurement of azimuth gyro torquer scale factor 
in ground erection mode 


Inertial Guidance System Test Console 


FIELD-TYPE TEST EQUIPMENT: Modularized, self-contained unit 
that provides all power and signal voltages to operate, test or trouble- 
shoot a gyro. All inputs to and outputs from the gyro are accessible 
at convenient jacks where connections to measuring equipment can 
be made, thereby enabling operator to evaluate gyro performance 
completely. Modules are slide-mounted for ready access if repair, 
modification or product improvement replacement are required. 
This portable equipment performs these basic tests: 

Insulation resistance « Warm-up time « Torquer scale factor measurement 
Gyro transfer function « Free drift « Gimbal offset drift «+ Continuity 
Signal Generator Null « Phasing « Gyro drift « Fixed torque restraint 


Floated Gyro Test Console 


GENERAL PURPOSE DATA PROCESSING: This data handling system 
provides a reliable, precise means of monitoring, logging and perform- 
ing an alarm function of up to 200 separate temperature, pressure, 
liquid level or flow transmitters. Manual controls are provided for 
scanning rates, automatic or manual logging, data input relating to 
operator, time, day, run number and type of run. 200 numbered lights, 
corresponding to specific points being maintained, provide a visual 
“off normal” display for operator’s warning. This system has growth 
built in and can be expanded in capacity to 1024 points and in scan 
ning rate to 2000 points per second. 


Scanalog 200-Scan 
Alarm Logging System Write for complete information on Kearfott’s ground support equipment. 


Engineers: Kearfott offers challenging opportunities in advanced component and system development 


“A 
GENERAL 
i i Kearfott PRECISION 
COMPANY 


KEARFOTT COMPANY, Inc. LITTLE FALLS, &. 3. 
A. subsidiory of General Precision Eavioment Corporation 
VTVM-PSVM High-Speed Automatic Soles ond Engineering Offices. 1500 Moin Ave. Clifton, N. J 
Precise Angle Ohmmeter Midwest Office 2 W. Colender Ave, Lo Gronge, tit 
. rot Offi " a 
Indicator Module Module Was! Coon fice: 253 M. Vinedo Avenue, Posodena, Cali 
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NEW BENDIX 
DRIVER 


AUDIO AMPLIFIER (CLASS A OR 8) « AUDIO OSCILLATOR + POWER SWITCH 
TRANSISTOR DRIVER + SERVO CONTROL + RELAY DRIVER » MOTOR CONTROL 


Slated to be the “workhorse of the tran- 
sistor industry”, this new Bendix series 
consists of three models—each with a 
different voltage rating and each in 
high-volume production. 

Contained in the JEDEC TO-9 pack- 
age, this tiny transistor dissipates 400 
mW of power at 25°C and 67 mW at 
75°C. The higher voltage rating and 
high current gain are combined with 
more linear current gain characteristics 
to enable switching applications and 
lower distortion output. Featuring low 
saturation resistance, the typical values 
are 1 ohm measured at 100 MA. The 
2N1008 series has a minimum current 
gain of 40 and a maximum of 150. 


Eliminating the internal connection be- 
tween transistor and case allows circuit 
isolation. Long life and stable operation 
are assured by welded construction and 
a vacuum-tight seal. 
ABSOLUTE MAXIMUM RATINGS 

Vce | Ic | Pc | tb 
Vdc _|mAdc| mW |mAdc 


2N1008 | —20 | 300 | 400 | 30 | —65to +85 | 85 
2N1008A | —40 | 300 | 400 | 30 | —65 to +85 | 85 
2N1008B | —60 | 300 | 400 | 30 | —65to +85 | 85 


Write today for the new Bendix Semi- 
conductor Catalog for more information 
on our complete line of power transistors, 
power rectifiers, and driver transistors. 
SEMICONDUCTOR PRODUCTS, BENDIX AVIA- 
TION CORPORATION, LONG BRANCH, N. J. 
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West Coast Sales Office: 117 E. Providencia Avenve, Burbank, California 
Midwest Sales Office: 4104 N. Harlem Avenue, Chicago 34, Illinois 
New England Sales Office: 4 Lloyd Road, Tewksbury, Massachusetts 
Export Sales Office: Bendix International Division, 205 E. 42nd Street, New York 17, New York 


Canadian Affiliate: C 





puting Devices of Canada, Ltd., P. O. Box 508, Ottawa 4, Ontario, Canada, 


“Ted Genk Division Wy: 
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stage. Designed for two-position sys- 
tems on aircraft and missiles, it fea- 
tures a normal stroke of 3 in. Its 
motor, powered at all times, is de- 
signed to withstand a continuous 
locked rotor condition. Stall current 
is less than 1.2 amp.—The Garrett 
Corp., AiResearch Mfg. Div., Los 
Angeles, Calif. 

Circle No. 225 on reply card 


HOT GAS SERVO 


Photo above shows a recently tested 
hot gas servo that will operate for 
periods longer than 2 min on dirty 
solid propellant grain gases. The com- 
pact device provides discontinuous or 
step-type actuation for positioning 
missile or drone control surfaces. Two, 
three, or five positions are available. 
Company believes its total operating 
period can be as long as 10 min.— 
General Electric Co., Light Military 
Electronics Dept., Johnson City, N. Y. 


Circle No. 226 on reply card 


COMPONENT 
PARTS 


ELIMINATES HUNTING 


Pictured is one model of the new 
Spiralpot line which incorporates the 
following improvements: nse of a sin- 
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UE KY A) 
safely, 
accurately 


.. . Yours for the asking 
Take advantage of Victor's 
long experience with high 
pressure gas regulation to 
help solve your special 
problems involving flow 
rates, delivery pressures, 
corrosive fluids and tem- 
perature compensation. 
Write, wire or phone us 
today. No obligation. 





You get precise regulation of high pressure gases with large flow rates, because Victor employs gas 
pressure to control the regulating diaphragm. The result is accurate delivery from 5 to 15,000 psi with 
inlet pressures to 15,000 psi . . . plus ability to obtain flows in excess of 50,000 scfm at maximum inlet 
and outlet pressures. Chart below shows operating range of standard models. 


MODEL 
NO. 
GD10 
GD30 
GD31 
GD6IC 
GD62C 
GD65 
GD65C 
GD80A 
GD8IA 
GD86R 
GD100R 
GD100 
GD200 
GD700 
SR10 
LR20B 


LR20BSS 


LV10 
BPRIO 


MAX. INLET 
Psi 
3,600 
2,500 
3,600 
2,500 
3,600 
6,000 
7,000 
5,000 
10,000 
10,000 
6,000 
6,000 
6,000 
7,000 
3,600 
7,000 
10,000 
7,000 
7,000 


MAX. OUTLET 
PSI 


500 
2,500 
3,600 
2,500 
3,600 
6,000 
7,000 
5,000 

10,000 
10,000 
6,000 
6,000 
6,000 
7,000 
1,000 
7,000 
10,000 
7,000 
7,000 


FEATURES MAX. FLOW 
SCFM 


Single adjustment regulator control 250 
Load & bleed valve contro! 400 
Load & bieed valve control 600 
Load & bleed valve control 170 
Load & bleed valve control 200 
Load & bieed valve control 250 
Load & bleed valve control 250 
Load & bleed valve control 500 
Load & bleed valve control 800 

For remote control only 1,200 
For remote contro! only 20,000 
Load & bleed valve control 20,000 


Load & bleed valve contro! 50,000 


Single adjustment regulator control; 250 
self relieving 


Small, spring loaded regulator 4 
Spring loaded regulator; self relieving 2 
Spring loaded; stainless steel 2 
Loader valve control 15 


Back pressure regulator 2 


Operating temperature range: —67°F. to +250 F. 


All models listed are field proved. Most are designed for panel mounting or remote control. They regu- 
late all non-corrosive gases, including oxygen. Stainless steel models available for corrosive gases and 
pressures above [0,000 psi. For complete specifications, write for Victor High Pressure Regulator sheets. 


ViIcIOR EQUIPMEN] COMPANY 


MISSILE 
DIVISION 57 


rs Mfrs. of High Pressure and Large Volume Gas Regulators; welding & cutting equipment; hardfacing rods; 
blasting nozzles; cobalt & tungsten castings; straight-line and shape cutting machines 


844 Folsom St., San Francisco 7 +» 3821 Santa Fe Avenue, Los Angeles 58 + 
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VIBRATING 
CAPACITOR 


A vibrating-reed type 
capacitance modulator 
for use in measuring 
currents as low as 
10~'* amperes. 


Long term stability for 
process control. Drift 
+0.2 millivolts per 
day, non-cumulative. 


Write for 
Catalog 523. 


STEVENS 


INCORPORATED 
ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 27, MASS 
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. 


gle length of resistance wire which is 
continuously contacted by the wiper 
to provide infinite resolution; a brush 
assembly that eliminates the grooving 
tendency and linearity shifting; and 
extra rugged stops for high-perform- 
ance servo applications. Units are 
rated for a mechanical life of 250,000 
to 1 million revolutions depending 
on input and will withstand 15g 
shock on any axis.—G. M. Giannini & 
Co., Pasadena, Calif. 


Circle No. 227 on reply card 


BUILT-IN TRANSFORMER 

This new Size 11 amplifierless re- 
solver features an integral transformer 
that simulates a resolver function at 
maximum coupling. In a typical chain 
application for angular data transmis- 
sion, output information may be 
servoed at either end. A mating end 
cap, not shown in the photo, simpli- 
fies harnessing and speeds mainte- 
nance. Accuracy of the unit is within 
5 min of arc.—Clifton Precision Prod- 
ucts Co., Inc., Upper Darby, Pa. 


Circle No. 228 on reply card 


PLUS .... 


(229) The Model CA9 strain gage sig- 
nal amplifier, offered by Statham In- 
struments, Inc., Los Angeles, Calif., 
operates from a 28-volt de source and 
supplies its own regulation. . . . (230) 
The first Size 8 servomotor developed 
to BuOrd specs is now available from 
the Avionic Div. of John Oster Mfg. 
Co., Racine, Wis. . . . (231) Westing- 
house Electric Corp., Pittsburgh, Pa., 
has introduced a new series of light- 
weight high-power silicon rectifiers 
with peak-inverse-voltage ratings from 
50 to 500 volts. 
Circle No. 229, 230 or 231 on reply 
Card 





TEAMMATE 
FOR 
STRAIN 


STATHAM CA 9 
Strain Gage 
Signal Amplifier 


Through the use of modern 
design techniques, 
Statham has succeeded 
in drastically reducing 
the size and weight of strain ! 

gage signal amplifiers. | 
Completely transistorized, | 
the CA 9 is : 
more reliable in 
adverseenvironments {| 
than larger and heavier {| 
amplifiers, and 
retains the precision | 
needed in current : 
aircraft and space ‘ 
vehicles. i 
Write for : 
Data File CE-601-2. 
: 
i 
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' 
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‘ 


STATHAM INSTRUMENTS, INC. 
12401 West Olympic Boulevard 
Los Angeles 64, California 
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(__AUPOMATIE TRANSLATION 


Computing machines aid language research at Ramo -Wooldridge 


To formulate rules for automatic language translation is 
an enormously subtle and complex project. Yet significant 
progress is being made. During the past year of research 
at Ramo-Wooldridge over 60,000 words of Russian text 
have been translated and analyzed using an electronic 
computer. From the beginning several hundred syntactic 
and semantic rules have been used to remove ambiguities 
that are otherwise present in “word for word” translation. 
Our present computer program for automatic translation 
is a considerable improvement over earlier attempts. 


Apart from the question of translation itself, electronic 
computers are invaluable for language research. The 
expansion of existing knowledge of the rules of language, 
through statistical analysis, is made practical by mecha- 
nized procedures. A clear symbiosis between linguistics 
and computer technology has emerged. 


Automatic translation research is one of many R-W 
activities addressed to problems of communication of 


scientific information. These problems are increasing at 
an accelerating pace. In this area, as in others, scientists 
and engineers find at Ramo-Wooldridge challenging 
career opportunities in fields important to the advance of 
human knowledge. The areas of activity listed below are 
those in which R-W is now engaged and in which open- 
ings also exist: 


Missile electronics systems 

Advanced radio and wireline communications 
Information processing systems 

Anti-submarine warfare 

Air navigation and traffic control 

Analog and digital computers 

Infrared systems 

Electronic reconnaissance and countermeasures 
Basic and applied physical research 


For a copy of our brochure or other information, write to 
Mr. Donald L. Pyke. 


RAMO-WOOLDRIDGE 


P. O. BOX 90534, AIRPORT STATION « LOS ANGELES 45, CALIFORNIA 


a division of 


Ine. 
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DONNER COmputers 


Predict 
System 
Performance 


The small analog computer you see here accurately predicts system 
performance with extraordinary speed and simplicity. 


To illustrate, consider the problem of stabilizing the inverted pendulum 
below. Solving this problem requires a rigorous study of the stability of 
solutions to the Mathieu-Hill equation: 
art d?0 g 
~ =— A F(t) 
In just 30 minutes, the computer solved the 
equations and established definite parameters. 
An expert mathematician who tackled the 
same problem at the same time was still work- 
ing on his second page of calculations! After 
half a day’s work, he had proved only that 
stability could be achieved—not that it was 
feasible for this particular pendulum. 


The basic computer used in this problem, including two multipliers, 
costs less than $4,000. It can be readily expanded, initially or as your 
needs grow. Other Donner computers are available for your particular 
requirements. 

By selecting the proper pivot excitation, 

A=F(t), the pendulum can be stabilized. 

The graph shows the time variations in 


displacement, © (t) as a function of pivot 
displacement F(t)—=A sin wt. 


For a closer look at methods of 
studying non-linear systems with 
the analog computer, including 
a clear step-by-step analysis of 
the inverted pendulum, write for 
Donner Tech Note #2. We'll 
also send you a brochure on the 
Model 3400 computer. Please 
address Dept. 088. 


0 fl ne SCIENTIFIC 
See us at COMPANY 


ooiee eked CONCORD, CALIFORNIA 
and 1817 Phone MUliberry 2-6161 - Cable "Donner 


faa 
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IMPORTANT MOVES 
BY KEY PEOPLE 


Numerical Control Man 
Heads Pratt & Whitney 


Control engineer Jacob J. Jaege1 
has been elected president of Pratt & 
Whitney Co., succeeding Edward P. 
Cillane who becomes assistant to the 
chairman of the board. 

Philadelphia-born Jake Jaeger (Con- 
trol Personality, CtE, Oct. 56, p.23) 
was one of the group of pre-war gradu- 
ate students at MIT who set the 
foundation for modern servo theory 
(he was a classmate of Dr. Gordon 
Brown, who was recently appointed 
head of Engineering at MIT). 

After graduating from Drexel Insti- 
tute of Technology, Jaeger went to 
MIT, where he received his masters 
degree and where he worked from 
1934 to 1939 as a research assistant, 
applying numerics to machine tools. 
He also contributed to the program 
that produced the electronic differen- 
tial analyzer which finally replaced the 
famous MIT mechanical computer. 

He joined Pratt & Whitney in 1940 
when the machine tool company was 
looking for someone to spearhead im- 
provements on its Keller tracer-con- 
trol systems. By applying servo tech- 
niques to the tracer follower, Jaeger 
developed a line of controls that won 
broad industry acceptance for the 
P&W milling machines. In 1946 he 
was made head of the Experimental 
Section; in 1949, he became assistant 
manager of Machinery Div. engi- 
neering; in 54, chief engineer; and in 
"55 vice-president and chief engineer. 

Three months ago the control-ori- 
ented Jaeger was elected executive vice- 
president. He was awarded the 1959 
Engineering Citation by the American 
Society of ‘Tool Engineers. 


J. J. JaEcER 
The servo look in machine tools 





CHECK YOUR PULSE, SIR? 


“SCOTCH” BRAND High Resolution Tapes 


deliver a sharper pulse—with fewer dropouts! 


789012345678 

901234567890 

123456789012 

345678901234 

5678901234567890 12345678901 23456789012 

345678901 234567890 12345678901 234567890 

12345678901 23456789012345678 

9012345678901 23456 7890123456 23456 

7890123456 7890123456 78901 2345678901234 
567890123456 
789012345678 
901234567899 

123456789012345678901 2345678901 

2345678901 


56789012345678901234567890123456789012 
345678901 234567890123456 78901 234567890 
12345678901 2345678901 2345678901 2345678 
901234567890 
12345678001224567890123456789012345678 
9012345678901 2345678901 2345678901 23456 
789012345678901 2345678901 2345678901234 
56789012345678901 2345678901 2 
3456 7890123456 7890123456 78901 234567890 
123456789012 
345678901234 
567890123456 789012345678901 23456789012 
34567890123456789012345678901234567890 
12345678901 2345678901 2345678901 2345678 
9012345678901 234567890 123456 7890123456 
7890123456 78901234567890123456 78901234 
567890123456 
789012345678 
901234567890 
123456789012 
345678901234 


\ 


In instrumentation, as in life, it’s often the pulse- 
count that counts. So what if your recording im- 
pulses are as square as a bar-graph? If your tape 
only records camel-backed humps, where are you? 
Probably about due for a change—to “ScoTcH” 
BRAND High Resolution Tapes. 


Your equipment is somewhat like the proverbial 
sweater—no matter how advanced, you can only 
get out of it what you put in. And that calls for 
“SCOTCH” BRAND High Resolution Tapes—made to 
deliver improved resolution as pulse density climbs 
and effective frequencies soar upward to strato- 
spheric heights. 


Like so many other advances in tape technology, 
this superior resolution is a product of 3M research. 
For one thing, “ScorcH” BRAND high potency 
oxides give coatings a higher magnetic retentivity 
—about a third more than standard. And since the 
shorter wave lengths of high frequencies are re- 
corded by the surface of the coating, a coating of 
these potent oxides can be thinner and yet provide 
equal flux line strength. Results? A flexible tape for 
intimate tape-to-head contact, a cleaner, sharper 
recorded pulse. 


“SCOTCH” BRAND High Resolution Tapes offer 
these potent coatings on your choice of two tough 
polyester backings—158 for standard play, 159 
for extra-play. And both are designed to line up 
your square-waves as densely as a close-order drill, 
so sharp and clean you'll never miss a bit. 


In taping high frequencies, the tested uniformity 
and dropout-free performance of “SCOTCH” BRAND 
Magnetic Tapes give the added bonus of reliability. 
The greater the density of information, the more 
critical the need for defect-free tapes, and here’s 
where experienced “ScoTCH” BRAND Tape tech- 
nology really tells. 


Whatever your application—data acquisition, re- 
duction or control programming—“SCoTCH” BRAND 
Instrumentation Tapes supply the reliability you 
need today and continue to anticipate tomorrow's 
needs with newer, more sensitive tapes. 


In addition to “ScoTCH” BRAND High Resolution 
Tapes 158 and 159, check the others for your appli- 
cation. “SCOTCH” BRAND High Output Tape 128 
offers top output in low frequencies, even in ambient 
temperature extremes. “SCOTCH” BRAND Sandwich 
Tapes 188 and 189 end rub-off, build-up, reduce 
head wear to an absolute minimum, show little 
wear after 50,000 passes. “SCOTCH” BRAND Instru- 
mentation Tapes 108 and 109 remain the leaders 
for top performance at low cost. 


Where there’s no margin for error, there’s no 
tape like “ScoTCH” BRAND Magnetic Tape for in- 
strumentation. For details, write Magnetic Prod- 
ucts Div., Dept. MBS-89, 3M Company, St. Paul 


6, Minn. or mail the inquiry card. © 1959 3M Co. 


“SCOTCH” is a registered trademark of 3M Company, St. Paul 6, Minnesota. 
Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario. 


SCOTCH BRAND MAGNETIC TAPE 


FOR INSTRUMENTATION 


Miinnesora finine ano Jfanuractunine company 
++. WHERE RESEARCH IS THE KEY TO TOMORROW 
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NEW GALVANOMETER AMPLIFIER 


Strengthens Low Power Signals 
to Drive High Frequency Oscillographs 


Input 





Output 















































Honeyweil Visicorder or other 
High Frequency Galvanometer 

















Golvonometer Amplifier, Model 





DESCRIPTIVE DATA 


VOLTAGE GAIN: 
Adjustable from 0 to 1.0 


OUTPUT (37 OHM LOAD): 
= 2.4 volts at 65 ma d-c to 
8 Kc, limits at £100 ma. 


OUTPUT IMPEDANCE: 
2 Ohms d-c to 10 Ke 


CONTROLS: 
6 GAIN controls, 1 Power 
ON-OFF switch 


INPUT IMPEDANCE: 47 K 


ISOLATION: 

Individually floating chan- 
nels for use with ungrounded 
loads 


NOISE: 
Less than 3 mv peak-to-peak 


DRIFT: 
Less than 3 mv/°F 


POWER REQUIREMENTS: 
115 volts = 10 volts, 50 to 
440 cps, 45 watts 











Oscillographs 














T6GA-1, measures 31,” high, 19” wide, 15%” deep. 


With Honeywell’s new Galvanometer Am- 
plifier, Model T6GA-1, high frequency oscil- 
lographs can now be operated directly by low 
power input sources of | volt or more. These 
inputs, some of which are shown in the 
diagram above, should have output imped- 
ances of 10 K or less although higher source 
impedances can be tolerated. Noise and drift 
are indistinguishable on the recorded output 
when the galvanometer-amplifier combina- 
tion has a maximum sensitivity of 1 inch 
per volt. 


The Model T6GA-1 is a compact, six 
channel, three stage transistor d-c amplifier 
with overload protection to eliminate both 
danger of transistor damage and galvanom- 
eter burnout. 


Each of the six amplifier channels is 
isolated from ground by individual floating 
power supplies. Write for Bulletin B-ET6 to 
Minneapolis-Honeywell, Boston Division, 
Dept. 34, 40 Life Street, Boston, Mass. 


Honeywell 


WESCON SHOW 
Booth Nos. 2617-2623 
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| WHAT’S NEW 


Colvin Resigns at CEC 


Hugh F. Colvin, vice president of 
Consolidated Electrodynamics Corp., 
and one-time president of CEC from 
1956 to 1958, resigned as an officer 
and director of the icin company. 
He will engage full time as a financial 
and management consultant in the 
field of technically oriented companies. 


Geneen Elected to 
Top Spot at ITT 


Harold S. Geneen was elected presi- 
dent of International Telephone & 
Telegraph Corp., replacing Edmond 
H. Leavey who retired on July 31. 
Until recently, Mr. Geneen had been 
executive vice president, Raytheon Co. 


Fleming in 
ISA Space Group Post 


Lawrence Fleming, first man to 
measure vibration in a rocket, has 
been appointed assistant director of 
the missile space group, Instrument 
Society of America. A graduate of 
California Institute of Technology, he 
is head of test instrument develop- 
ment at Southwestern Industrial Elec- 
tronics Co, 


Other key moves 


Dr. Herbert Kromer has joined 
Varian Associates as senior research 
scientist in the central research team. 
A graduate (PhD in physics) from the 
University of Gottingen (Germany), 


| he has spent the last nine years con- 


ducting research in the semiconductor 
field. He was last with the German 
branch of Philips Laboratory, where 
he headed the semiconductor group. 


George H. Wagner has been ap- 
pointed sales operation manager for 
the scientific instrument department 
of Allen B. DuMont Laboratories, 
Inc. He has been with DuMont since 
1952; in his new post he will manage 
sales, service, and order administration 
for DuMont oscilloscopes, pulse gen- 
erators, and associated electronic in- 
struments and accessories. 


Vincent E. Ryb has been appointed 
manager, Titan guidance program at 
AC Spark Plug, the electronics division 
of General Motors. Ryb, who began 
his career with AC in 1935, was form- 
erly manufacturing manager of the 
division. Donald F. Ayres was named 
manager of the Thor and the Mace 

(Continued on page 150) 





IMPORTANT: Circle key numbers below and mail before November 1, 1959 


10 3. 4 50 6 70 80 
1 31 41 51 61 71 81 
32 52 62 72 82 


90 110 120 130 140 150 160 170 180 190 

91 111121 131 141) «=181 161 171 161 191 

92 112 122 132 142 162 172 188 192 
73 83 93 113 123 133 143 163 173 183 193 
74 84 94 114 124 134 144 164 174 184 194 
75 85 95 115 125 135 145 165 175 185 195 
76 8 9% 116 126 136 146 166 176 186 196 
77 8&7 9 117 127 137 147 167 177 187 197 
78 88 98 118 128 138 148 168 178 188 198 
79 89 9 119 129 139 149 169 179 189 199 


CDeENOUAWN— 


200 220 260 270 280 
201 211 221 261 271 281 


One of these | 902 212 222 262 272 282 


290 310 320 330 340 360 370 380 390 

291 311 321 331 341 351 361 371 381 391 

292 312 322 332 342 352 362 372 382 392 

203 213 223 263 273 283 293 313 323 333 343 353 363 373 383 393 

hand , | 204 214 224 264 274 284 294 314 324 334 344 354 364 374 384 394 
andy prepaid : 205-215 225 265 275 285 295 315 325 335 345 355 365 375 385 395 
206 216 226 266 276 286 296 316 326 336 346 356 366 376 386 396 

; | 207-217 227 267 277 287 297 317 327 337 347 357 367 377 387 397 

post cards will 208 218 228 268 278 288 298 318 328 338 348 358 368 378 388 398 
209 219 229 249 259 269 279 289 299 319 329 339 349 359 369 379 389 399 


bring you detailed 


information (J Enter my subscription to CONTROL ENGINEERING for one year and bill me for the $5 cost 


Name Title 





Company 





Address 





More information About 
1. Advertised products 


2. New product items 
3. Catalogs and bulletins 


All advertisements, new products and literature items are numbered for your convenience. 


IMPORTANT: Circle key numbers below and mail before November 1, 1959 


10 20 30 4 50 6 70 80 90 100 110 120 130 140 150 160 170 186 190 
116210=« 314) 51 61 71 81 OF 101 199 121 131 141 151 161 171 181 191 
12 22 32 42 52 62 72 82 92 102 112 122 132 142 152 162 172 182 192 
13 23 33«43 53 63 73 83 93 103 113 123 133 143 153 163 173 183 193 
14 24 34 44 54 64 74 84 94 104 114 124 134 144 154 164 174 184 194 
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165 175 185 195 
16 26 36 46 56 66 76 86 96 106 116 126 136 146 156 166 176 186 196 
17 27 37 47 57 67 77 87 97 107 117 127 137 147 157 167 177 187 197 
18 28 38 48 58 68 78 88 98 108 118 128 138 148 158 168 178 188 198 
19 29 39 49 59 69 79 89 99 109 119 129 139 149 159 169 179 189 199 


Cen OUAWNH = 


HOW TO USE THESE CARDS: 


210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 

Find the key number on 211 221 231 241 251 261 271 281 291 311 321 331 341 351 361 371 381 391 
; fj 212 222 232 242 252 262 272 282 312 322 332 342 352 362 372 382 392 
item of interest 213 223 233 243 253 263 273 283 303 313 323 333 343 353 363 373 383 393 
214 224 234 244 254 264 274 284 304 314 324 334 344 354 364 374 384 394 

. . 215 225 235 245 255 265 275 285 295 305 315 325 335 345 355 365 375 385 395 
Circle this number on one 216 226 236 246 256 266 276 286 296 306 316 326 336 346 356 366 376 386 396 
of the cords 217 227 237 247 257 267 277 287 297 307 317 327 337 347 357 367 377 387 397 
218 228 238 248 258 268 278 288 298 308 318 328 338 348 358 368 378 388 398 
’ : ’ 219 229 239 249 259 269 279 289 299 309 319 329 339 349 359 369 379 389 39° 
Mail card immediately 
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BUSINESS REPLY MAIL 


First Class Permit No. 64, (Ser. P. b. & R.) New York, N. Y. 








Reader Service Department | (8/59) 


CONTROL ENGINEERING 
330 WEST 42nd Street 
New York 36, N. Y. 








INSTRUCTIONS 


Use these reader service cards 
to get more information on 


advertised products, new product items 
or catalogs and bulletins 
appearing in Control Engineering 





Circle number on card that 
coincides with key number 
listed at bottom or 

adjacent to item of interest. 








BUSINESS REPLY MAIL 


Fill in your name, title, 
First Class Permit No. 64, (Ser. P. L. & R.) New York, N. Y. 








company and address. 


Mail card immediately. 


Reader Service Depurtment 2 (8/59) 


CONTROL ENGINEERING 
330 WEST 42nd Street 
New York 36, N. Y. 








Control! room at Milliken power station, pictured here, shows three 
Teletype Model 28 Receive-Only Page Printers in foreground with 
contro! panel of Bailey Metrotype Information System. (Inset shows a 
sprocket-fed, continuous-type log sheet used in Teletype Page Printers.) 


Teletype equipment 


NEW YORK STATE ELECTRIC & GAS CORP 
MILLIKEN STATION 


MONITORING SYSTEM LOG SHEET 
came /-/7?-3°9 
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monitors and records power station performance 


New Model 28 Teletype Page Printers and Tape 
Punch equipment provide a continuous, dependable 
data processing facility for evaluating power station per- 
formance. This Teletype communication equipment is 
part of a Bailey Meter Company Metrotype® Informa- 
tion System installed recently at the Milliken power 
station of the New York State Electric & Gas Corpo- 
ration, near Ithaca, New York. 


This installation consists of two data systems: 


1. A Monitoring System that continuously scans a 
total of 282 variables—temperatures of fan, motor and 
pump bearings; pressures of water and oil pumps, etc. 
Whenever readings exceed prescribed limits, system 
immediately reads and prints complete digital data of 
off-normal operation. In addition, complete readings 
are printed hourly. 


2. A Performance System that scans 66 points once 
every hour, measures generator output, main steam 
flow, feedwater flow, temperatures, etc. All factors re- 
quired to evaluate the station’s performance are logged 
on the Teletype Printers. A Teletype Tape Punch also 
produces a perforated tape for IDP. 
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Robert Darke, Systems Division Manager, Bailey 
Meter, says, “‘Teletype equipment was chosen for this 
installation because of its flexibility and proven reli- 
ability. Design is simple and trouble-free, and the units 
are manufactured specifically for round-the-clock rather 
than intermittent service.” 

Teletype equipment will handle data for virtually 
any purpose in any industry. Signals may be serial or 
multi-wire. Signal medium may be local electrical cir- 
cuit, telegraph or telephone circuit, or radio. 

Why not find out how Teletype equipment can fit into 
your systems plan? Please write: Teletype Corporation, 
Dept. 22-H, 4100 Fullerton Ave., Chicago 39, Illinois. 


TELETYPE 


CORPORATION 


sussioiary or Western Electric Company inc. 
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up to S amperes with selected units 


Series 1005-1-1 


Series 1005-1-2 


Series 1005-2-3 





GUARDIAN ™~ | 


Series 1005 micro-miniature RR ELAY) 


| 


Ideal for Industial and Military Applications 


Series 1005-2-5 Series 1005-3-4 


Here you see five important versions of Guardian's famous Series 1005 
hermetically sealed micro-miniature relay. Reading the following facts 
will help you evaluate their superior physical and electrical charac- 
teristics: 


@® Series 1005—Available with 5 AMPERE contacts for 50,000 operations (min.) at 
125° C., or 100,000 operations (min.) at 25° C., upon specification. Standard rating 
is 3 amperes at 125° C. non-inductive, 28 volts D.C. Applicable to MIL-R-25018 and 
MIL-R-5757-C specifications. 

@ Fluxless Sealing—A Guardian first! Eliminates cost of flux materials and the time 
required to apply it. Coil lead splices are the only internal connections using solder. 
Guardian's new exclusive fluxless solder sealing, in addition to use of non-gaseous 
materials, makes this relay adaptable to low energy level switching. 


a Tested and Proved—Series 1005 operates on currents as low as 10 microamps at 
switching voltages of 30 millivolts with a minimum life expectancy of 1,000,000 


operations. We Invite Your Inquiry. 


Visit Guardian's Booth No. 3632 at 1959 WESCON SHOW 
GUARDIAN W ELECTRIC 


MANUFACTURING COMPANY 
1623-3 W. WALNUT STREET, CHICAGO !2, ILLINOIS 
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(Continued from page 146) 
missile guidance programs at AC. He 
was most recently director of gyro, 
components, and engineering services. 
Under his direction, the Thor guid- 
ance system was developed. 

Dr. F. Kenneth Brasted has joined 
Texas Instruments, Inc. as adminis- 
trative director of the central research 
laboratory. He was formerly president 
of the University of Dallas, a Catholic 
educational institution founded in 
1955. Richard C. Wood has also 
joined TI to serve as marketing man- 
ager, advanced technologies, Central 
Staff Marketing Div. He was most re- 
cently with Lever Brothers as sales 
manager, industrial. edible products 
dept. At TI, he will be responsible 
for marketing the research and devel- 
opment activities undertaken by the 
central research laboratory and he will 
also coordinate the company’s rela- 
tions with U.S. agencies. 


Frank C. Dyer has been named vice 
president of planning for Alpha Corp., 
subsidiary of Collins Radio Corp. 
Previously he had been assistant man- 
ager of Collins’ ‘Texas Div. 


Bruce C. Harmon has been ap- 
pointed manager of the Akron branch 
office, Clark Controller Co. A gradu- 
ate of Lehigh University, he had been 
in Clark’s Cleveland office for 10 
years. 


William F. Boyd has been elected 
vice-president for operations and gen- 
eral manager of Kellogg Switchboard 
and Supply Co. Div. of International 
Telephone and Telegraph. He suc- 
ceeds George T. Scharffenberger who 
resigned. 


Lilbern A. Lawson has been ap- 
pointed chief engineer, Osborne Elec- 
tronic Corp. He had been assistant 
chief engineer at the Portland manu- 
facturer of transformers. 


Lisle R. Sheeley has been appointed 
manager of sales, General Electric 
Computer Dept. in Phoenix. He had 
been manager of sales for mobile radio 
equipment at GE’s electrical com- 
munication products dept. 


Hal V. Miller has been named liai- 
son engineer at Redbank, N. J. for the 
Technical Products Div., Packard Bell 
Electronics Corp. Previously he had 
been an engineer with the Western 
Electric Co. in Winston Salem, N. C. 


L. L. Porter has been elected treas- 
urer of Knapic Electro-Physics, Inc., 
Palo Alto supplier of silicon and ger- 
manium monocrystals. Robert D. 
Yeaman has been elected secretary of 
the Palo Alto firm. 





How to turn your telephone into a conference room 


Another of the many ways ITT electronics saves time and money and speeds output 


Flick the dial of an ITT intercommuni- 
cation telephone. 


Instantly, it becomes a “‘conference 
room” —linking 10 key people simul- 
taneously. 


They talk together, exchange ideas, 
reach decisions — without leaving their 
desks! 


ITT electronics—a help for business 


This ten-party conference telephone is 
one of hundreds of ideas developed by 
ITT’s Kellogg Switchboard and Supply 
Company and other ITT units to help 
perform tasks —faster. 


ITT supplies telephone systems for 
entire countries. It develops communi- 
cations and guidance for missiles; radio 


aids for aircraft and ships; microwave 


systems that control the flow of oil, gas, 
and electric power. 


Nations are joined by ITT coaxial 
cable systems; news of the world is 
broadcast by ITT transmitters and 
power tubes —in fact, ITT equipment 
is produced for every communica- 
tions need of business, industry, and 
government. 


Skills for international projects 


ITT has decades of experience in op- 
erating nationwide telephone networks. 
ITT System commercial circuits — 
cables, radiotelephone, radiotelegraph, 
and marine radio —cover the earth. 


An ITT System company operates 
and maintains the 3,000-mile DEW Line 
in the Arctic, the White Alice com- 
munication network in Alaska, and 
other vital lifelines of defense. ITT 
has the senior part in planning the 
modernization and extension of the Air 


Force’s global communications concept 
called AIRCOM. 


In countless other ways ITT System 
research, production, and service are 
speeding the world’s growing communi- 
cations traffic. 

For information on any communica- 
tions system write to ITT, 67 Broad 
Street, New York 4, N.Y. 


. . . the largest American-owned world-wide 
electronic and telecommunication enterprise, 
with 101 research and manufacturing units, 14 
operating companies and 130,000 employees. 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 67 Groad Street, New York 4, N.Y. 


ITT COMPONENTS DIVISION «+ ITT FEDERAL DIVISION * ITT INDUSTRIAL PRODUCTS DIVISION + ITT LABORATORIES + INTELEX SYSTEMS INCORPORATED 

SWITCHBOARD AND SUPPLY COMPANY * ROYAL ELECTRIC CORPORATION + AMERICAN CABLE & RADIO 

CORPORATION * FEDERAL ELECTRIC CORPORATION + ITT COMMUNICATION SYSTEMS, INC. + INTERNATIONAL ELECTRIC CORPORATION * INTERNATIONAL 
STANDARD ELECTRIC CORPORATION + LABORATORIES AND MANUFACTURING PLANTS IN 20 FREE-WORLD COUNTRIES 


AIRMATIC SYSTEMS CORPORATION * KELLOGG 
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SMALLER, LIGHTER 
SERVO MOTORS 


Bendix now producing 
16" diameter units 


Weighing a mere 0.94 ounces, the new Bendix size 5 servo 
motor is ideal for meeting the ever-increasing, space-saving 
demands of miniaturization. And, as with other Bendix servo 
motors and generators, large-scale precision manufacturing 
makes possible laboratory quality at volume prices. 

The new motors, with their center-tapped control windings, 
eliminate the need for coupling transformers and thus help 
solve packaging problems. Besides size 5, you can choose from 
sizes 8, 10, 11, 15, 20 and 28. Both corrosion-resistant and high- 
temperature models are available. Other features include: 
high-operating torque characteristics . . . availability of integral 
gear heads for frame sizes 8 and 10 in ratios from about 10:1 to 
6000:1 . . . and one-source engineering of complete ‘“‘package’’. 


THE: STEP THAT PAYS— Find out how we can meet your 


needs promptly, efficiently and economically. 


. ° er rae 
Eclipse-Pioneer Division 7 
CIOL 
Teterboro, N. J. 

District Offices: Burbank and San Francisco, Calif.; ct peta rete ' 

Seattle, Wash.; Dayton, Ohio; and Washington, 

D. C. Export Sales & Service: Bendix International 

Division, 205 £. 42nd St., New York 17, N. Y. 


“FOR PRECISION 
COMPONENTS THAT DO 
THE JOB BETTER—TRY THE 


BENDIX, 
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(300) SOLENOID VALVES. Automatic 
Switch Co. Condensed Valve Catalog 
No. 202, 36 pp. Complete descriptions 
of 2-, 3-, and 4-way solenoid valves are 
preceded by six pages of valuable engi- 
neering data. Three flow nomographs, 
with instructions and typical examples, 
simplify the proper selection of valve 
sizes for steam, liquids, and gases. 

(301) TEMPERATURE CONTROLS. 
Burling Instrument Co., Inc. Catalog 
>-22, 4 pp. Reviews the size, range, and 
other features of a complete line of 
differential expansion instruments for the 
electric or pneumatic control of tempera- 
tures to 2,000 deg F. Photos illustrate 
standard, weathertight, and _ explosion- 
proof enclosures. 

(302) TRANSISTOR CHART.  Semi- 
conductor Products, Bendix Aviation 
Corp. Chart, 2 pp. Lists primary applica- 
tions, maximum ratings, and _ typical 
operating characteristics of all Bendix 
production transistors. 

(303) TINY GYRO COMPASS. Ameri- 
can Bosch Arma Corp. Booklet. Brand 
new comprehensive publication describes 
the world’s smallest complete gyro com- 
pass for marine and land navigational use 
(304) HYDRAULIC SERVOS. Eastern 
Industries, Inc. Brochure, 6 pp. De- 
scribes this company’s activities in the 
field of electrohydraulics. Two typical ex- 
amples are cited: a magnetron tuning 
servo and a missile elevon control servo. 
Brief component descriptions follow 
(305) PIPELINE CONTROL. Union 
Switch & Signal Div. of Westinghouse 
Air Brake Co. Bulletin, 4 pp. Presents 
Union’s philosophy on the system ap- 
proach to precision pipeline control. Pho- 
tos show some of the pre-designed pack- 
aged units that handle pipeline data in 
coded digital form. 

(306) PRESSURE TESTING. U. S. Sci- 
ence Corp. Bulletin, 8 pp. Reviews the 
operation and application of two new 
dynamic pressure test sets: the 700 Series, 
a dual-pressure unit for testing mach num- 
ber controls, pressure ratio controls, bal- 
ancing systems, etc. and the 800 Series, 
single-pressure unit for the production 
and field testing of transducers and various 
altitude controls. 

(307) ADJUSTABLE-SPEED DRIVES. 
The Louis Allis Co. Bulletin 3600, 6 pp. 
Covers the design features and various 
modifications of the Allispede line of me- 
chanical adjustable-speed drives. Tables 
list principal dimensions, speed variations, 
and frame assignments for various power 
ratings. 

(308) MERCURY RELAYS. The Adams 
& Westlake Co. Bulletin, 4 pp. Illus- 
trates four popular models from a com 
plete line of mercury-to-mercury relays. 
hree sketches of a typical operation show 
how these units provide a fixed time delay 
and snap action without pitting. 

(309) ASPHALP BLENDING. B-I-F In 
dustries, Inc. Bulletin SM-9477, 8 pp. 
Part of a series on standard methods, this 
paper describes the operation and advan- 





tages of a system for in-line blending of 
asphalt cutbacks direct to trucks and tank 
cars. Typical operating schematics show 
the process and control equipment in- 
volved. 

(310) LABORATORY MEASURE- 
MENTS. Weston Instruments, Div of 
Daystrom, Inc. Brochure, 8 pp. Authored 
by John H. Miller, former vice-president 
and chief engineer at Weston and now a 
consultant, this publication describes the 
selection and application of laboratory 
measuring instruments. Sections cover the 
various types of instruments used, the 
effects of overloads, proper handling tech- 
niques, and the more common instrument 
accessories. 

(311) FIFTEEN SWITCHES. Control 
Products, Inc. Bulletin, 4 pp. Photos, 
dimension drawings, and complete speci- 
fications are provided for eight high-tem- 
perature thermal switches and seven but- 
ton, toggle, and lever operated waterproof 
switches. 

(312) OPTICAL GALVANOMETERS. 
The Ealing Corp. Folder, 6 pp. Describes 
the Pye Scalamp line of precision galva- 
nometers and other special-purpose instru- 
ments. A log-log plot shows voltage sensi- 
tivity as a function of source resistance, 
and a table lists prices and specifications 
for eight different models. 

(313) MYLAR MAGNETIC TAPES. 
E. I. DuPont de Nemours & Co. Bulle- 
tin A-11076, 10 pp. Summarizes the re- 
sults of study conducted to determine the 
base material’s contribution to the relia- 
bility of magnetic recording tapes. Graphs 
and tables compare the performance of 
Mylar tapes with that of various acetate 
films and point up the superiority of the 
former. 

(314) SPEED REDUCERS. Metron In- 
strument Co. Bulletin No. 97, 4 pp. Both 
standard and anti-backlash types of minia- 
ture speed reducers, with over 400 avail- 
able speed ratios, are described here. 
Photos illustrate typical applications, and 
cutaway views reveal the internal construc- 
tion of both types. 

(315) SPECTROPHOTOMETER. Beck- 
man/Scientific and Process Instruments 
Div. Bulletin 724, 20 pp. Shows how 
the Beckman IR-5 Double-Beam Infra- 
red Spectrophotometer serves to provide 
thousands of qualitative and quantita- 
tive analysis in the industrial laboratory. 
Also includes instrument specifications, 
performance data, and information on 
accessories. 

(316) RING BALANCE METER. 
Hagan Chemicals & Controls, Inc. Bul- 
letin MSP-160, 8 pp. Highlights the im- 
portant features of Hagan’s versatile Ring 
Balance Meters. Each page describes a 
different feature and the advantages this 
affords in various applications. 

(317) AIR & VACUUM PUMPS. Lei- 
man Bros., Inc. Catalog No. 359, 16 pp. 
Includes construction details, dimensions, 
capacities, performance curves, and instal- 
lation data on a complete line of rotary 
positive-displacement air and vacuum 
pumps, gas boosters, air motors, and a 
full line of accessories. 

(318) MAGNETIC MULTIPLEXER. 
Cubic Corp. Bulletin No. 200-M, 4 pp. 
Reviews the advantages and operating po- 
tential of a brand new magnetic multi 


plexer that is now in the advanced stages 
of development and available for pre-de- 
fined applications. A typical system block 
diagram illustrates its major components. 
(319) PHOTOELECTRIC CONTROLS. 
General Electric Co. Bulletin GEA-6822, 
16 pp. Covers GE’s full line of photo- 
electric relays and controls, and contains 
a 2-page selection guide. Line drawings at 
the bottom of each page show typical 
applications of the different types of equip- 
ment. 

(320) FLOW TRANSMITTERS. Fischer 
& Porter Co. Specification Sheet 10B- 
1460, 4 pp. Deals with two new differen- 
tial pressure transmitters for accurate in- 
line metering of low gas or liquid flows. 
Also contains a useful nomograph for 
proper sizing and equations for determin- 
ing equivalent water or air values for 
maximum process fluid flow rates. 

(321) COMPONENT RECTIFIERS. 
General Electric Co. Brochure ECG-344, 
24 pp. Entitled “Designing With G-E 
Vac-U-SEL Component Rectifiers”, this 
publication consists of three sections: a 
basic information section which reviews 
fundamental characteristics; a product de- 
scription section dealing with finishes, 
construction, and nomenclature; and a se- 
lection section on typical applications. 
(322) LABORATORY CHROMATO- 
GRAPH. Consolidated Electrodynamics 
Corp. Bulletin 1831B, 16 pp. Describes 
the features of CEC’s Type 26-201A 
Laboratory Chromatograph, and empha- 
sizes some difficult applications such as 
the rapid analysis of natural gasoline and 
other hydrocarbons. 

(323) INSTRUMENT PANELS. Bailey 
Meter Co. Product Specification G71-7, 
16 pp. Provides construction details, di- 
mensions, weights, and instrument mount- 
ing data on six standard styles of instru- 
ment and control panels Standard proce- 
dures for tubing and wiring are presented 
along with a checklist on ordering infor- 
mation. 

(324) ACCELERATION SWITCHES. 
Inertia Switch, Inc. Bulletin, 4 pp. Em- 
phasizes the reliability, accuracy, and sim- 
plicity of the company’s new line of 
acceleration-sensitive switches. Lists three 
available types: axial units for accelerations 
along a given line, radial units for accelera- 
tion in any given plane, and omni- 
directional units that will respond to ac- 
celeration in any direction. 

(325) AUTOMATIC ORDER PICKING. 
Atronic Products, Inc. API Report No. 
105-98-2, 7 pp. Describes an automatic 
order picking system built around an 
Atronic Products’ Model 420 Automatic 
Carton Selector and an order insertion 
control console. This system will deliver 
cartons to a number of trucks simultane- 
ously in a prescribed sequence for partial 
load deliveries from each truck on a multi- 
stop route. 

(326) REACTOR MONITORING. The 
‘Thompson-Ramo-W ooldridge Products Co 
Brochure, 8 pp. Discusses a number of 
applications of the RW-300 digital con 
trol computer in the nuclear field. Spe 
cial attention is given to a system for 
detecting ruptured fuel elements; this 
system uses two RW-300 computers to 
continuously monitor the radioactivity of 
cooling gases. 


P.S. and don’t forget these 
other quality products at the 


BENDIX 
“SUPERMARKET” 


With our greater variety and 
greater volume of the precision 
components listed below, we 
have become the “supermarket” 
of the industry. We feature fast 
delivery and mass-production 
economy—plus the highest pre- 
cision quality. 


400-CYCLE SYNCHROS 
(Frame sizes: 8, 10, 11, 15, 22) 
Control Transformers 
Differentials *« Receivers 
Resolvers *« Transmitters 


GYROS 
Directional, Free, Rate, Roll 
and Vertical Gyro Transmitters 
e Stable Platforms 


MOTORS AND GENERATORS 


{ 
‘i 


PACKAGED COMPONENTS 
Analog-Digital Converters « 
Azimuth Counters « Cam Com- 
pensators « Clutched Synchros « 
Dual-Speed Synchros « External 
Slip-Ring Synchros « Follow-Up 
Mechanisms « Miniature Dif- 
ferential Gear Assemblies « 
Servo Assemblies 


RADAR DEVICES 
Airborne Radar Antennae « 
Ground Antenna Pedestals 


YoB\BS 


You Can't Beat The Bendix 
“Supermarket”. Try us. 


Eclipse-Pioneer Division 


Gondix” 
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NEW! An Electronic 
PN NPN mm eolemere)\) | 10m es —.. 
KIT for just 719995 


ofa ateck 
* Solves Mathematical Probl 

(Add, Sub., Divide, Multiply, } get Transfer Functions) 
* In a Class by Itself, But Comp in Functi te C t Costing Over $1,000.00 
* Easy to Build in 35 to 40 Hours With No Experience 














The lowest priced computer of its quality available anywhere, the new Heathkit 
EC-i Computer now puts advanced engineering techniques within reach of all. 

Industry will find the EC-1 invaluable in trial solutions to mechanical and math- 
ematical problems . . . shortens engineering time, speeds up preliminary work, 
frees the advanced-computer time for more complex problems and final solutions. 
And the EC-1 aids in training computer operators and acquainting engineers with 
computer versatility and operation. 

Schools and colleges will find the EC-1 ideal for teaching and demonstrating in 
engineering, physics, and math classes; perfect for laboratory use in teaching 
computer design and applications. 

Individuals will find the EC-1 a fascinating helper in solving mathematical and 
mechanical problems. To consultants and those who work alone, the EC-1 soon 
becomes an indispensable path to speedy, trustworthy solutions. 

Set up scores of complex problems with the assortment of precision components 
and patch cords supplied. Read problem results directly on the 3-range computer 
meter, or use an external read-out device such as the Heathkit OR-1 DC Oscillo- 
scope, or a recording galvanometer. Meter can be switched to read output of any 
amplifier for problem results or balancing purposes. Informative manuals provided 
show how to set up and solve typical problems, illustrate operating procedures, 
and supply basic computer information, references, and construction procedure. 
Shpg. Wt. 43 Ibs. 

SPECIFICATIONS: Amplifiers: 9 D.C. Operational Amplifiers using one 6U8 per amplitier; each solves mathematical 
problems; each balanced by individual pane! control without removing problem set-up. Computing components mount 
on connectors and plug into pane! sockets. Open loop gain approximately 1000. Output —60 to +60 volts at 3 ma. Power 
Supplies: +300 volts at 25 ma electronically regulated; variable from 4-250 to +350 by contro! with meter reference for 
setting +300 volts. Negative 150 volts at 40 ma regulated by VR tube. Coefficient Potentiometers: Five on panel. Initial 
Condition Potentiometers: Three on panel; used to introduce initial velocity, acceleration, etc. on the three ‘given 

quantities. Repetitive Operation: Multivibrator cycles a relay at adjustable rates (.1 to 15 CPS), to repeat the solution 


any number of times; permits observation of effect on solution of changing parameters. Meter: 50-0-50 ua movement 
Power Requirements: 105-125 volts, 50-60 cycles, 100 watts. Dimensions: 19%” W. x 114%” H. x 15” D. 


Order Direct by Mall or see your nearest Authorized Heathkit Dealer 





HEATH COMPANY BENTON HARBOR 36, MICH. 


|‘ a subsidiary of Daystrom, inc. 
Please send the latest Free Heathkit catalog. 


NAME 





FREE CATALOG 


Mall the coupon now for ADORES: 





the Free Heathkit Catalog 


socommine Ap easy- city 


ZONE STATE 





to-bui tp 

including test equipment, 
ham radio gear, marine . 
equipment and hi-fi 


Sinsunesds. SUBJECT TO CHANGE WITHOUT NOTICE. 


ALL PRICES F.0.B. BENTON HARBOR, MICH. PRICES AND SPECIFICATIONS 
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Capacity Probe System 


From ‘Versatile Capacity Measur- 
ing System for Level Control and 
Stream Analysis” by E. N. Shawhan, 
H. L. Bachofer, J. Lerner, and J. 
R. Wright, Sun Oil Co. Paper pre- 
sented at Session on Instruments 
during the 24th Midyear Meeting 
of the American Petroleum Insti- 
tute’s Division of Refining in the 
Statler Hilton Hotel, New York 
City, May 27, 1959. 


The dielectric constant of a mate- 
rial is a physical property related to 
the electric polarization of its mole- 
cules and is characteristic for each 
substance. This property has found 
numerous applications in a variety of 
measurements but its potential as a 
tool in petroleum refining has perhaps 
not been fully realized. 

The system has evolved as the re- 
sult of field experience, with particular 
attention to installation and mainte- 
nance considerations. The electronic 
portion of the system is standard with 
flexible adjustments for a variety of 
problems. The capacity sensing probes 
are similar for each type of applica- 
tion. A small rugged transmitter is 
mounted near the point of measure- 
ment. The electronic chassis with the 
span and zero controls is mounted 
in the control house for ease of main- 
tenance and adjustment. They can be 
separated a mile or more. 

The basic electrical circuit is shown 
in Figure 1A. V is the voltage across 


FIG. |. (A) 





fLineor_! 
range 
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a transmission line changed by the 
remote capacity C. The relation be- 
tween V and C is of the form in 
Figure 1B. C, includes the cable 
capacity. L, and L, form a tight-cou- 
pled autotransformer. The minimum 
point of the curve occurs when re- 
flected capacity across L, caused by 
C forms a series resonant circuit with 
L,. As C increases, the impedance 
across L, decreases. C, is chosen so 
that C, and L, form a parallel resonant 
circuit when C is very large. Between 
the conditions for series and parallel 





AT PRESSURES TO 5,000 PSI... 


Only the AE Hydramite 
offers all these advantages 


Liners and plungers are 





honed and individually 
mated for optimum fit. 


Low friction losses. Pump op- 
erates with case flooded. Oil 
is ported to take advantage 
of natural pumping action of 
tapered bearings. 


Heavy duty, high capacity 
tapered roller bearings ab- 








Positive pumping action. The Hydramite has no cam follower springs to 
tail. Plungers (A) are connected to curved slippers (B) which are held against 
the outer race of cam shaft needle bearing by two plunger return rings (C). 
As the shaft revolves, each plunger is pushed outward in succession and 
then pulled inward by the return rings. 


To meet your specific requirements, Hydramite pumps can be 
supplied for constant displacement from 3 to 30 gpm at 5,000 psi 
and 70 to 85 gpm at 3,000 psi for hydraulic fluids with viscosities 
of 150 to 300 ssu at 100° F. In special applications they have 
handled viscosities as low as 40 and as high as 900 ssu at 100° F. 
Special materials and seals permit handling of missile fuels and 
special fluids at higher temperatures. Available in flange, foot or 
face mounted styles. Write or call American Engineering Com- 
pany, Philadelphia 37, Pennsylvania. Phone: Cumberland 9-3800. 


sorb more punishment... 
handle maximum unbalanced 
loads ... last longer. 


High efficiency. With a Hydramite you get an overall efficiency 
of 85%. Its flat overall high efficiency curve has little variation 
between 1,500 and 5,000 psi. What's more with a Hydramite 
you get positive suction. There is no requirement for super- 
charging equipment which deducts from system efficiency. 


AMERICAN ENGINEERING COMPANY 


Hele-Shaw Pumps, Lo-Hed Hoists, AE Marine Deck Auxiliaries, 
Vibra Grate, Perfect Spread and Taylor Stokers. 
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AMPEX 
PRECISION 
REELS: 
Maximum Security with 


Minimum Clearances 
Ever have trouble with the edge- 


| track deta on your magnetic tape? 


Possibly an Ampex Precision Reel 
could have prevented the difficulty. 
How? The secret is in the metal. 
Only Ampex makes precision reels 
of magnesium. It gives you thick, 
rigid, nontapered flanges that pro- 
tect the tape. A strong hub, too, 
that doesn't distort under pack 
pressure. And because magnesium 
is light, Ampex achieves this extra 
strength within the weight limits 
your recorder is accustomed to. 
All this, together with a calculated 
design that means minimum clear- 
ances and tolerances, gives you a 
better tape pack—pass after pass. 
The security of Ampex Precision 
Reels is available in all conventional 
recording sizes. 


AMPEX 
MAGNETIC TAPE 


934 CHARTER STREET, REOWOOD CITY, CALIF. 
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resonance is a considerable linear 
range that is used for measurement of 
C. In a practical design the 1-percent 
linear range may be 400 mmf to 500 
mmf. This range can be extended to 
several thousand micromicrofarads by 
shunting C with resistance. Changes 
in cable capacity alter C, and slightly 
change the slope of the curve. The 
system compensates for this effect, and 
operation is independent of variations 
in cable characteristics. 

Figure 2 shows a block diagram of 
the system. The measurement pre- 
cision results from the method of 
alternately substituting a reference ca- 
pacitor and the unknown capacity for 
C in Figure 1. The difference in ca- 
pacities of the unknown and reference 
capacitors can be measured much 
more accurately than the capacity of 
either alone. With a stable reference 
it is practical to measure small changes 
in a large remote capacity. 

A self-driven polarized relay alter- 
nately applies positive and negative 
voltage to the transmission line in 
addition to the excitation voltage from 
the oscillator. This low-frequency volt- 
age alternately switches the reference 
and unknown capacities into the 
circuit of the remote transmitter by 
making one or the other of the diode 
switches conducting. The amplifier 
rejects the switching voltage and 
passes only an  alternating-current 
voltage proportional to the capacity 
connected to the transmitter. This 
voltage alternates between two ampli- 
tude levels unless the unknown and 
reference capacities are equal. The rec- 
tified amplifier output is connected to 
either of two integrating capacitors 
by the relay in synchronism with the 
alternation of the switching voltage. 
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Reference voltage 


One integrating capacitor is charged 
to a potential proportional to the 
remote reference condenser and the 
other to the unknown capacity. 

The system is stabilized by control- 
ing the oscillator amplitude. The dif- 
ference between a fixed voltage and 
the direct-current potential corre- 
sponding to the remote reference 
capacity is applied to the oscillator 
as an error voltage. If the value of the 
remote reference capacitor is chosen 
on the linear portion of the curve in 
Figure 1B, the oscillator amplitude is 
adjusted to compensate not only for 
changes in gain around the control 
loop, but also holds fixed the point 
on the curve corresponding to the ref- 
erence capacity. Because the mini- 
mum point of the curve is independent 
of cable capacity, regulation of the 
oscillator amplitude holds the slope of 
the voltage-capacity curve constant for 
considerable changes in cable capacity. 








Reference 
capacity 


| Recorder 


"1 HONEVWELL 


New rotary selector switch assemblies 
feature “‘cock-and-fire’’ actuation 


OTHER ROTARY AQSEHS Se The new “‘28AS”’ Series of rotary selector switch assemblies 


have a “‘cock-and-fire”’ actuating mechanism that moves posi- 

tively from one position to another, imparts a good feel of the 

detent action and provides immediate indication of each 

2380 position. Aircraft engineers have found these switches ideal 
= for mounting in close-coupled designs. Features include: 


Reliable Operation 
1590 Individual actuating levers pivot on a common rod, insuring 
2600 maintained adjustment. The levers are operated by precision 
“20AS8" series double-row ““V3" assembly cams which are rigidly mounted on the actuator shaft. A seal 
(Knob not furnished) ring on the shaft keeps out moisture. Panel seals are optional. 
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“Non-Tease" Circuitry 

The actuating mechanism moves positively from one position 
to another. There is no possibility of circuit ‘“‘tease”’ or actua- 
tor “‘hang-up” between the 90° detents. 


Variety of Sequences 


Up to seven basic switches and two or three actuator posi- 
tions may be provided. Innumerable sequences can be factory- 
adjusted to fit specific circuit requirements. 


Send for Data Sheet 162 


For information of the ‘‘28AS” Series or other versatile MICRO 
SWITCH rotary switches, consult experienced engineers at your 
nearby branch—or write to: 


“25AS" series sealed subminiature 
assembly (Knob not furnished) 


MICRO SWITCH... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


sis series sedis “V3” assembly H Ho neywell 


Mai MICRO SWITCH Precision Switches 
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See them at the 
WESCON SHOW 
BOOTH 2413 





for extremely 
reliable operation 
in the 0 to 250 kes range. 





ONE-THIRD ACTUAL SIZE 


APPLICATIONS 
New EECO N-Series Transistorized Decades 
are miniaturized plug-in units designed for re- 
liable pulse counting and frequency division in 
the frequency range of 0 to 250,000 pulses per 


second. 


FEATURES 
@ Small, compact size. 
@ Simple power supply requirements (for 
example, Models N-101 and N-102 


require only 


12 volts). 


Low power consumption. 

Compatible with EECO T-Series circuits. 

Auxiliary 9-step staircase output available. 

Most units plug into special 13-pin miniature 
socket. Others take standard 29-pin socket 
(Continental No. MM-29-22S). 

Pin connections arranged for in-line wiring 
of power and grounds. 

Extreme reliability, due to saturation 
techniques and consistent derating of 
component tolerances. 


WIDE SELECTION 
EECO N-Series plug-in Decades are avail- 
able in the following standard models: 


MODEL 
N-101 
N-102 
N-104 


N-105 
N-106 


N-107 


N-108 


N-lll 


DESCRIPTION 

No readout 

Incandescent readout. 

incandescent readout (remote). Typically a projec- 
tion readout module. 

Nixie readout. (Can be cabled to remote Nixie.) 

Nixie readout with preset control switch. (Can be 
cabled to remote Nixie.) 

Incandescent readout with inputs for external pre- 
set control. 

Incandescent readout (remote) with inputs for ex- 
ternal preset control. 

No readout, but with 1-2-4-2 code. 


TYPICAL 
SPECIFICATIONS 


The N-102 Transistorized Decade, 
which includes visual readout of 
numerals 0 through 9 displayed 
vertically and illuminated by 
incandescent lamps, is identical 
electrically with Model N-101. 
Abbreviated specifications are as 
follows: 


INPUT 


Minimum Trigger input: (0-100 
kes): 7 volts pos. pulse or step 
at 0.5 usec. rise time. (100 kcs 
to 250 kcs): 7 volts pos. pulse 
or step at 0.2 usec. rise time. 

Max. Operating Frequency: 

250 kcs 

Input Impedance: 470 uufd. ca- 
pacitance, max. 

DC Reset input is provided 
(normally supplied by EECO 
T-129 DC Reset Generator) 


OUTPUT (No Load) 

Amplitude: 8 volts, peak to peak. 

Output Levels: (N/10) and (N/10)’: 

11 volts DC and —3 volts 
DC, nom. Staircase: —11 volts 
DC to 3 volts DC in 9 steps. 

Rise Time: (N/10): 0.5 usec.; 
(N/10)’: 0.5 usec. 

Load: Typical, one N-Series 
Decade or one T-Series flip- 
flop. (Load information avail- 
able on request.) 


OPERATING TEMPERATURE 
RANGE: —45°C to +65°C. 


SIZE: 1-5/32” wide x 2-3/32” 
deep x 3-7/8” seated height 
(including handle). Dimensions 
are exclusive of external ad- 
denda found on external preset 
and Nixie models.) 


Additional information on N-Series Transistorized 


Decades and other EECO products available on request. 





% 


| 


1 we 





ENGINEERED ELECTRONICS COMPANY 


(a subsidiary of Electronic Engineering Company of California) 





506 East First Street © Santa Ana, California 
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In practice, the remote reference 
capacitor is chosen greater than the 
minimum capacity to be measured. 
The zero of the system can then be 
adjusted by the zero control on the 
chassis. It is a variable resistance 
switched in series with the cable im- 
pedance when the remote unknown 
capacity is in the circuit and shorted 
out when the reference capacity is con- 
nected. Changing the zero adjust 
ment has only slight effect on the 
slope of the voltage-capacity curve. 

The output is a direct-current volt- 
age proportional to the difference be- 
tween the unknown and reference ca- 
pacities. The ratio of output voltage to 
capacity difference depends only on 
the remote reference capacity and the 
local reference voltage. The span ad- 
justment changes this fraction of the 
output voltage applied to the recorder 
or controller. The span can be changed 
over a wide range without affecting 
the zero, i.e., span and zero adjust- 
ments are independent. 

Figure 3 (page 156) is a photo of the 
transmitter in three stages of assem- 
bly. An “O” ring around the bakelite 
top seals against corrosive vapors. The 
three studs on the lucite disk are used 
to check overall operation. The probe 
is connected to one and high and low 
check capacitors to the other two. A 
clip lead switches the transmitter to 
either of the check capacitors. 

The paper describes applications 
and probe designs for level measure- 
ment, stream analysis, and moisture 
measurement. In capacity level meas- 
urement, the probe design is suitable 
in applications with temperatures 
ranging from minus 300 to plus 600 
deg F, provided the probe is made of 
suitable materials. Also discussed are 
ways of compensating level measure 
ments for changes in temperature o1 
dielectric constant or both of the 
material being measured. 


Electric-Furnace Computer 


From “Concerning the Use of a 

Computer for Regulating — the 
Amount of Electric Energy Sup 
plied to an Electric-Arc Furnace” 
by Yu. M. Alyshev, L. N. Fitsner, 
and L, I. Shechenko (Moscow). 
“Avtomatika i  Telemekhanika’’, 
Vol. 20, No. 2, February, 1959, 
pp. 206-210 (USSR). 

The automatic control of an elec- 
tric furnace based on a_ constant 
power input can minimize the voltage 
fluctuation of the power supply. This 
can be realized by introducing a com- 





SMASH THE “DESIGN BARRIER” 
AND STILL LOWER YOUR 
FINISHED PRODUCT COST! 


Since the basic relay and its many contact ' RBM 
forms, ratings, and terminal variations are regular 98000 

production items at RBM, design bottlenecks SERIES 
can be shattered. RBM has “‘CUSTOMERIZED”’ these relays ' 

to fulfill almost every conceivable requirement. 

This vast background of application engineering can 
serve you with design shortcuts . . . lower your “finished 

product” cost. Ask your RBM product application engineer. 





OTHER FEATURES 


MANY ARE 
L/sTeb BY UL 


FILE NOS. € 12/39 0R £22381 ~S=Z © MAX. COIL VOLTAGE 





ELIMINATES DRIFT, /N OHMS 
eagagpenssoetcs eet e MAX.CO/L WATTS | 9.0¥A. INRUSH 


STAB/LITY 4.0 W. 
OR VOLT AMPS. 6.5 VA.SEALED 


DEPENDABLE CROSS-BAR @ MAX. CONTACT FORM 2POT ISAMPS| 2POT ISAMPS. 


CONTACTS AVAILABLE 
FOR LOW VOLTAGE ANO/OR WITH RATED CURRENT | spor ¢ aups,| 400T GAMPS, 
AT 32V.DC OR N15 VAC 


Low CURRENT CIRCUITS 6 POT SAMPS) GPOT ZAMPS. 
(NON-INDUCTIVE LOAD ) 


SIMPLIFIED MAGNET : 2 
FRAME AND ARMATURE © © APPROX. WEIGHT 4/ OZ. 4./ 02. 
ASSEMBLY PROV/DES 


EFFICIENT, POSITIVE 
ACTION ALSO AVAILABLE iN 97000 SERIES 


PROVIDING ADDITIONAL COIL 
VARIETY OF POWER... GREATER SENSITIVITY 


MOUNTINGS AVAILABLE 








al RBM Product App f/0 4 r Bulletin 1060 


RBM RBM eis | Date e_— plese! 


ESSEX WIRE ga panels LOGANSPORT, INDIANA 


| e- Con dol ii -1-@m Eheolet-ba-te , North Manchester and lt ec Saket elo] eu lalelt: tar! 
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FRIDEN MODEL SRW 
—the most extraordinary 

automatic calculator 

you have ever seen 


STUDY THESE PICTURES: 


Set number from which 
root is to be taken on 
Friden SRW keyboard 


Touch Square Root key 
corresponding to posi- 
tion of decimal point 
in the radicand 


SQUARE ROOT 
..-appears automatically 
in the dials of Friden Model SRW 
when you touch one key 


See root appear in dials. 
This figure can be re- 
tained on keyboard if 
desired for further cal- 
culation. Need for copy- 
ing root is eliminated 


Can you use Friden Model SRW to speed 
answers? For the first time on any desk calcula- 
tor it offers touch-one-key extraction of square 








root. Is equipped also with all automatic | 
Friden Calculator features and so performs | 


more steps in figure-work without operator 
decisions than any other calculating machine. 
The Thinking Machine of American Business 
—yours in Friden Model SRW. 


* 
..- WORKS THE WORLD'S 
qT] eT) FIGURE-THINKING PROBLEMS 
AUTOMATICALLY 


Friden sales, service and instruction available throughout the U.S. and the world 
..-Friden Silver Anniversary + 1934-1959 


Send for new Square Root Calculations Manual. Tells how 
calculating machine with unique automatic square root 
extraction feature does higher mathematics including 
triangulation, statistics. Free—no obligation. 

SEE LI LIT ITEC eee rir irri ir rerirr ty itt 


FRIDEN, Inc. Dept. CE-859 
San Leandro, California FREE ‘ 


Please send Square Root Calculations Manual to: 


Name 





Company 
Address 








City Zone 


State. 
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puting device into the conventional 
control system which maintains a fixed 
voltage-to-current ratio k for each of 
the three phases. The computing de- 
vice has three identical parts, each 
consisting of a multiplying unit, an 
integrating unit, and a stabilizer. 

The instantaneous values of the cur- 
rent and voltage of a phase are multi- 
plied in one of the multipliers. The 
voltage output of the multiplier (pro- 
portional to the electric arc power) is 
compared with a predetermined mag- 
nitude, and the difference is inte- 
grated. In the stabilizer (a choke coil) 
the output of the integrator is used to 
correct the predetermined value of 
k so that the value of k will be ad- 
justed to maintain a constant power 
input whenever there is a voltage 
fluctuation of power supply. 

A circuit diagram is given of the 
proposed computer. The experiment 
conducted on a 20-ton electric fur- 
nace shows that the use of a computer 
in the control system reduces the am- 
plitude of maximum power fluctuation 
from plus or minus 11 to plus or 
minus 1 percent. There are three 
figures, and five Soviet references. 


Ways to Sense Rotary Speed 


From “Proposed Recommended 

Guide for Measurement of Rotary 

Speed” by Rotary Speed Measure- 

ments Subcommittee of the Special 

Instruments and Auxiliary Com- 

mittee, American Institute of Elec- 

trical Engineers, NYC, April 1959. 

(Published for comment and criti- 

cism. ) 

“The primary purpose of this Guide 
is to describe the instruments and 
methods commonly used for the meas- 
urement of rotary speed or slip and to 
give information regarding the charac- 
teristics and limitations of commer- 
cially-available instruments ordinarily 
employed in connection with testing 
of electric machinery.” 

The Guide proposes definitions of 
such terms as revolution counter, ro- 
tary speed, slip, speed indicator, stro- 
boscope, tachometer, and tachoscope. 
Considerable emphasis is placed on 
classification of methods and equip- 
ment, among which are tachometers 
and counter and time piece, frequency 
measurement, and stroboscopic meth- 
ods. 

Also described are methods of meas- 
uring slip, general considerations in 
applying and driving speed measuring 
devices, and precautions in the care 
and use of these instruments 





DELCO RADIO 
NEW POWER TRANSISTORS 


Delco Radio rounds out its power 
transistor line with this new 5- 
ampere germanium PNP series. 
Types 2N1168 and 2N392 are spe- 
cially designed for low-distortion 
linear applications, while 2N1159 
and 2N1160 are outstanding in 
reliable switching mode operations. 














Type 2N1011 is designed to meet 
MIL-T-19500/67 (Sig. C). It joins 
2N665, MIL-T-19500/68 (Sig. C); 
2N297A, MIL-T-19500/36 (Sig. C) 
37 DB ee ns and JAN2N174, MIL-T-19500/- 
13A to provide a selection for mili- 
40 50 60 tary uses. 


typical typical . e volts min. 














Write today for engineering data 
1.5 1.5 . P 1.2° on Delco Radio’s line of High 


c/w Power Transistors. 




















See you at the WESCON Show, Booth No. 114 


DIVISION OF GENERAL MOTORS 
ae j ‘ KOKOMO, INDIANA 
BRANCH OFFICES 
Newark, New Jersey 
1180 Raymond Boulevard 
Tel: Mitchell 2-6165 
TY Santa Monica, California 


726 Santa Monica Boulevard 
Tel: Exbrook 3-1465 
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Magamps Simplified 


THE INSTRUMENT Tue THeory AND Desicn or Mac- 


NETIC AMPLIFIERS. Dr. E. H. 
with the TAPE-SLIDEWIRE Frost-Smith. 487 pp. Published by 


John Wiley & Sons Inc., New York, 
1959. $12.50. 


Dr. Frost-Smith’s contributions to 
the technology of magamps date back 
to 1949, when he began publishing 
his many valuable papers on the low- 
level forms of these devices. His long 
connection with Elliott Brothers, 
Ltd. has given him a unique oppor- 
tunity to investigate and apply mag- 
amps to various military and indus- 
trial applications. This reviewer had 
the pleasure of meeting the author 
when he visited New York in 1953 
with other British scientist on a spe- 
cial mission to study U.S. progress 
in the field of magnetics. 

The new book by Dr. Frost-Smith is 
a textbook aimed at the practicing 
control engineer as well as the uni- 
versity student. He clearly explains 
the theory of operation of magamps, 
their design methods, and their ap- 
plications. Several new and impor- 
tant problems are presented and their 
solutions completely described. When 
a particular magamp is a part of a 
closed-loop system, its equivalent 
block diagram is derived, and_ its 
transient behavior is analyzed and ex- 
plained. The time constants of capaci- 
tive and inductive loads and their de- 
pendence on “conduction angle” are 


derived for the first time. The design 

TIMES THE ACCURACY | of several typical circuits is given in 

| detail, and frequency-response charac- 

OF STANDARD INSTRUMENTS! teristics and Bode plots are provided. 

The book is easy to read; all for- 

@ Resolution: 1 part in 10,000 | mulas are derived through the use of 
| Kirchoff equations and elementary 

@ LABORATORY PRECISION for the operating plant. calculus. The reader will not find the 
@ COMPATIBLE with any transducer—AC or DC. cumbersome mathematics that becloud 
many papers and books on magnetic 
@ For strain gage, linear differential transformer, thermocouple, amplifiers. In the first six chapters, the 
thermistor, resistance thermometer, pulse or variable fre- author analyzes saturable reactor cir- 
quency circuits or systems. cuits, with and without feedback and 

@ Parabolic or logarithmic functions are linearized for direcr | £* Tesistive and reactive loads. Chap- 
digital reading. ters 7 and 8 deal with closed-loop 
systems, with emphasis on frequency 
@ Every scale unit is a calibrated value. response, factors causing time delays, 


and transients due to various kinds of 
Produced by the makers of the Jetcav® jet engine Analyzer... loads. Ramey circuits and other high- 


in worldwide military and airline use! speed magamps are treated in Chap- 
ter 9. The extension of the Ramey 
* TRADE MARK ¢ 
concept to three-phase magamps (de- 
Be tH INSTRUMENT veloped in England by A. E. Maine) 
Cco., INC. is also presented. 
3479 West Vickerv Bivd., Fort Worth 7, Texas Chapter 10 contains 38 pages on 
Sales-Engineering Offices: various push-pull circuits for de and 
ATLANTA, GA., COMPTON, CAL., DAYTON, OHIO, VALLEY STREAM, L.I., N.Y., WICHITA, KAN, ac loads of both resistive and reactive 
TORONTO, ONT. (George Kelk Ltd.), MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Ltd.) forms. In Chapters 11 and 12, the 
Visit us at Booth No. 847—ISA Show—Chicago author examines the important group 
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Full information is available for the asking! 
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PHILBRICK MODEL USA-3 UNIVERSAL STABILIZED AMPLIFIER-More performance per dollar than any other amplifier. Highly reliable — no electrolytic capacitors or glow 
tubes. Designed to prevent self destruction even when output is grounded. Drift, noise, offset under 100 microvolts. Output, 116 vdc.Wide frequency range — 
dc to 100 kc (attenuation less than 3 db) when connected as gain-of-ten amplifier. Printed circuit board, 7” x 244", mounts by several convenient methods. PRICE $95 


_ 
LOLOL LP gt a a ae ae on 
- 


The summing integrator performing this comparison 
must have very high reliability and low drift while main- 
taining low distortion. Furthermore, it must be suffi- 
ciently economical to make this product feasible at its 

' —_ low price of $650. 

The new DYMEC Model 2210 compares the area Only Philbrick’s Model USA-3 Universal Stabilized 
under a stable, calibrated pulse train with the average Amplifier met all these exacting needs. 
value of an input signal and continuously adjusts the pulse Have you considered this versatile unit for your new product 
rate for equality. The result: a pulse frequency propor- or system designs? 
tional to input voltage within 0.1% of full scale up to 10 ke. Write, wire or phone: 


The analog way is the model way ..... . GEORGE A. PHILBRICK RESEARCHES, INC. 


285 Columbus Ave., Boston 16, Mass. Tel. COmmonwealth 6-5375 
* Gp DYMEC, INC. Palo Alto, California 


CIRCLE 163 ON READER-SERVICE CARD AUGUST 1959 








COUNTER WEIGHT 


DIAPHRAGM 
,” ie th. 
hi: - 
e « ; 


all 





ae 
Ey 


<a eNs 





oy 








SWITCH 


BIN-DICATOR® PAYS FOR ITSELF 
FIRST TIME IT PREVENTS BIN 
OVERFLOW, CONVEYOR CLOG, 
ELEVATOR CHOKE-UP, MACHINERY 
DAMAGE, REPAIR SHUT-DOWN 


If you handle bulk material you probably need Bin- 
Dicators. The nominal cost of this protection and auto- 
matic control makes it the lowest-cost modernization 
you can buy. Available with Explosion-Proof Switch. 


THE BIN-DICATOR CO, — Writs: {cve.covy of 


13946-F3 Kercheval « Detroit 15, Mich. VAlley 2-6952 
WE SELL DIRECT + PHONE ORDERS COLLECT 
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of low-level magnetic amplifiers and 
modulators. Considerable attention is 
given to causes of zero drift and gain 
drift and the means of reducing both. 
The last two chapters are concerned 
with the design and construction of 
magamps for specific applications. 
—Michel Mamon 
IT@&T Laboratories 


R&D Appraisal 


YARDSTICKS FOR INDUSTRIAL ReE- 
SEARCH, James Brian Quinn, Dart- 
mouth College. 224 pp. Published 
by the Ronald Press Co., New 

York. $6.50. 

This book describes ways and means 
for the evaluation by management of 
industrial research output. Based 
principally upon an intensive survey of 
the practices of large companies, it 
attempts to develop practical schemes 
for judging the economic and techni- 
cal performance of specific completed 
research programs in order to guide 
future action. The book is intended 
to help administrators of research con- 
ducted by private business, the foun- 
dations, and the government. 




































































provides mechanical encoding for 
read-out and logging systems 





The new Series 400 Digital Trans- 
ducer utilizes a standard sensing 
element (flow, pressure, or tempera- 
ture) to actuate the mechanical 
American Force Amplifier which 
precisely positions a shaft encoder. 
The need for electronic acces- 
sories is eliminated. Increased 
reliability and simpler maintenance 
are assured, 


SPECIFICATIONS 


Accuracy: 1% of span. 
Repeatibility: 0.5% of span. 


gy WRITE FOR LITERATURE 


SERIES 400 


AMERICAN 


METER COMPANY 


PMC OHPOHATED FORT aett ewe Feder 


MECHANICAL COMPONENTS DEPARTMENT 
BOX 309 ® GARLAND, TEXAS 


CIRCLE 164 ON READER-SERVICE CARD 
CONTROL ENGINEERING 


5 COLORS 
4 VOLTAGES 
SNAP-RING 
MOUNTING 
COMPACT DESIGN 
Up to 225 of these 4” diameter Pan-i-Lite 
Switches can be mounted in a square foot 
— projecting less than 1” behind panel. 
POSITIVE INDICATION 
Each midget illuminated device provides 
180° visibility. Bulb-lens is one-piece unit 
quickly replaced from front of panel. 
UNIQUE ELECTRICAL LAYOUT 
The Alden Pan-i-Lite Switch can be used 
as a self-monitoring remote control switch 
for pulsing relays, solenoids, etc. and in- 
dicating that desired action has taken place 
— or as a press-to-test indicator. 
FOR LABORATORY QUANTITIES | — 100 eo. $2.25 


Order complete assembly by #3860CW/ 
86LAS and specify bulb voltage and color. 


Available in 6, 12, and 28 V incandescent 
in blue, red, green, white and yellow — 
and in 110 V neon clear lens. 


Write for full information - today 
ALDEN PRODUCTS CO. creztin mass. 
CIRCLE 195 ON READER-SERVICE CARD 





Engineering Analysis Positions 


Sodium, Organic, Special Purpose 
and Research Reactor Programs 


Rapidly expanding reactor development programs have pro- 
vided additional challenging assignments at Atomics Inter- 
national. AI’s modern headquarters and plant facilities, 
located in the San Fernando Valley of Southern California, 
have become a world-wide center of nuclear reactor develop- 
ment. Here, qualified scientists and engineers have a sound 
future and unlimited opportunities to advance. Currently, 
openings exist in: 


Reactor Engineering. Analysis and design of complete power 
reactor systems and components. Experience in power 
reactor systems and technology is preferred, including a 
knowledge of reactor safeguard methods. 


Core Analysis. Complete nuclear analysis, including critical- 
ity determinations and flux distributions. Must also be con- 
versant with fuel economics and fuel cycle optimization. 





Shielding. Design and analysis of biological and thermal 
shielding for large power plants and compact mobile systems. 


Heat Transfer and Fluid Flow. Steady state and transient 
experimentation and analysis. Power optimization studies; 
free and forced convection flow transients; boiling and two 
phase flow in water, organic and liquid metal systems. 


Structures. Advanced analytical studies in thermal stress 
analysis, structural dynamics, elastic and inelastic behavior 
of plates and shells. Structural analyses are performed for 
transient and steady state operating conditions involving 
mechanical loads, thermal cycling and thermal shock. 


Control. Includes analysis of complete plant control and the 
application of electronic analogue and digital computers to 
reactor systems. Experience in radiation monitoring and 
plant protection systems is necessary. 


For specific details write: Mr.G.H.Newton, Personnel 
Office, Atomics International, 21600 Vanowen Street, 
Canoga Park, California. 


ATOMICS INTERNATIONAL (AF 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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ADVANCED 

DIGITAL TECHNIQUES, 
COMPUTERS AND 
CONTROL SYSTEMS 


7 AIRBORNE DIGITAL EQUIPMENT 

7 NUMERICAL MACHINE CONTROL 

» HYBRID AiwALOG-DIGITAL SYSTEMS 
» ADVANCED STORAGE TECHNIQUES 
* NEW LOGICAL STRUCTURES 


Engineers and scientists needed with experience in all 
phases of digital computer technique and equipment 
development. Systems organization, logical design, 
transistor circuitry, magnetic core and drum memories, 
input-output equipment, packaging. Applications, 
both commercial and military, include airborne digital 
equipment, numerical machine control, and hybrid 
analog-digital systems. Advanced development and 
research on a wide variety of new components and 
logical structures. 


We think you will find this work unusually stimulat- 
ing and satisfying; we would welcome the opportunity 
to discuss it with you in person. Comfortable and 
pleasant surroundings in suburban Detroit. If inter- 
ested, please write or wire Fred A. Barry, Research 
Laboratories Division, Bendix Aviation Corporation, 
Southfield, Michigan. 


Research Laboratories Division 


P.O. BOX 5115 
DETROIT 35, MICHIGAN 
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AUGUST 


Western Electronic Show and Con- 
vention (WESCON), sponsored by 
IRE and AIEE, Cow Palace, San 
Francisco, Calif. Aug. 18-21 

Annual Army Navy Instrumentation 
Program (ANIP), Symposium and 
Industry Briefing, Statler Hilton 
Hotel, Dallas, Tex. Aug. 21-Sept. 2 

Gordon Research Conference on In- 
strumentation, Colby Junior Col- 
lege, New London, N. H. 

Aug. 24-28 


SEPTEMBER 


Association for Computing Machin- 
ery, 14th National Conference, 
Massachusetts Institute of ‘Tech- 
nology, Cambridge, Mass. Sept. 1-3. 

American Automatic Control Council, 
General Assembly of IFAC, Edge- 
water Beach Hotel, Chicago, Ill. 

Sept. 14-18 

instrument Society of America, 14th 

Annual Instrument Automation 

Conference and Exhibit, Interna- 
tional Amphitheater, Chicago, III. 

Sept. 21-25 

Third Industrial Nuclear Technology 
Conference, sponsored by Armour 
Research Foundation and Nucle 
onics Magazine, Morrison Hotel, 
Chicago, Ill. Sept. 22-24 

Fourth Annual Special Technical Con- 
ference on Non-Linear Magnetics 
and Magnetic Amplifiers, spon- 
sored by IRE and AIEE, Shoreham 
Hotel, Washington, D. C. 

Sept. 23-25 

American Institute of Chemical En- 
gineers, National Meeting, Hotel 
St. Paul, St. Paul, Minn. Sept. 27-30 

Institute of Radio Engineers, 1959 
National Symposium on ‘T’elemeter- 
ing, Civic Auditorium, San Fran- 
cisco, Calif. Sept. 28-30 

American Society of Mechanical En- 
gineers, National Power Confer- 
ence, Muehlebach Hotel, Kansas 
City, Mo. Sept. 28-Oct. 2 


OCTOBER 


Institute of Radio Engineers, Fifth 
National Communications Sym- 
posium, Hotel Utica, Utica, N. Y. 

Oct. 5-7 

National Electronics Conference, 
sponsored by AIEE, IRE, Illinois 
Inst. of Tech., Northwestern Univ., 
and Univ. of Illinois, Sherman 
Hotel, Chicago, Ill. Oct. 12-14 

American Standards Association, 
Tenth National Conference on 
Standards, Sheraton-Cadillac Hotel, 
Detroit, Mich. Oct. 20-22 





CAN A SYNCHRO 
MAINTAIN ACCURACY 


~s 


OVER A WIDE RANGE 


OF TEMPERATURE? 


Synchros have to take punishment. They are often exposed to blistering” 
heat and stratospheric cold . . . and they still must operate accurately. 


Naturally, Ketay synchros meet and surpass the new MIL-S-20708A 
ambient temperature requirement of —55° to 85° C. (or to 75° C. for 
size 23). Even more important, they give you a remarkable 6 minute 
accuracy over this whole temperature range. 


Ketay is the only source currently manufacturing and shipping a complete 
line of the new Mil-type synchros. They are available in production 
quantities in sizes from 8 to 23, with 60 cps units as small as size 15. 
Because of their superior accuracy, with some units offering 3’ accuracy at 
room temperature, Ketay synchros one or more sizes smaller than 
previously required may often be used. 


Ketay engineers are working on many advanced environmental and 
accuracy problems in developing prototype systems, and have an unusual 
degree of experience in high temperature work. Why not call or write 

oe for help in solving your special problems? 

components: * 

SYNCHROS * * 

RESOLVERS _ * 

POTENTIOMETERS 

SERVO MOTORS * 


TACHOME TERS 
SERVO AMPLIFIERS 


\\\ 
GYROSCOPES * . 
Catalogues available NORDEN Division of United Aircraft Corporation 
\ 
\ 


KETAY ¥ DEPARTMENT, Commack, Long Island, N.Y. 
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WHAT'S AVAILABLE IN REPRINTS 


The following reprints have been prepared to make 
important reference-type editorial material available to 
Controi ENGINEERING readers in convenient filable form. 
Some reprints are individual articles, while others are “‘pack- 
ages’’—several articles published over a period of time that 
logically supplement one another in the coverage of a specific 
phase of the control field. Any reprint can be obtained at 
the nominal cost listed below by filling in the order form and 
sending it, together with remittance, to Readers Service 
Dept. Quantity rates will be quoted on request. 


Fundamentals of Multivibrators, 12 pp. 
Multivibrators are the electronic equiva- 
lent of the double-throw electromechani- 
cal relay and can perform substantially the 
same functions (memory, logic, gating, 
counting), but at enormously higher speeds. 
They can be built around vacuum tubes, 
transistors, square-loop magnetic materials, 
neon tubes, thyratrons, cryotrons, and 
other well-known components. This re- 
print covers a broad silettion of multivi- 
brator circuits that are especially applicable 
to control systems. 45 cents. 


A Roundup of Control System Test 
Equipment, 24 pp. Specialized control 
system test equipment divides into three 
classes: 1) devices that only generate a test 
signal, 2) systems that both disturb the 
system and provide a means for evaluating 
response, and 3) devices that only evaluate 


control system response. Here’s a survey | 


of this equipment and tips on how to use 
it. 60 cents. 

Survey of Ac Adjustable-Speed Drive 
Systems, June 1959, 16 pp. Largely re- 


garded as constant-speed devices, multi- | 


Continued on page 170 | 





Reprint Order Form 





Reprint 





Control System Test Equipment 

Ac Adjustable-Speed Drives 

A New Way to Select Control Valves 
Ready Reference Data File—II 
Fundamentals of Tie-Motor Control 
How to Use Phase Plane Techniques 
Economics in Control 

Report on Russian Control 
Calculating a Control Index 

Servo Design Techniques 

Flowmeters .. 

Applying Control Timers 

Control System Reliability 

Ready Reference Data File—I 
Servo Modulators 

The Uses of Digital Computers 
Analysis Instrumentation—II 
Analysis Instrumentation—I 
Basic Data on Process Control 
How to Simulate Dead Time 
Power Amplifiers 

Static Switching Devices 
Automatic Logging Systems 
Automatic Ma 


Fundamentals of Multivibrators........ 


Point-to-Point seg ong Systems—I, II & IIl.. 


ining—A View and a Preview... 
A System Analysis Predicts Performance 


Unit price No ordered Subtotal 
$0.50 
$0.60 
$0.50 
$0.50 
$0.50 
$0.30 
$0.50 
$0.50 
$0.40 
$0.30 
$0.65 
$0.50 
$0.50 
$0.20 
$1.50 
$0.50 
$0.65 
$3.00 
$0.60 
$0.60 
$0.50 
$0.15 
$0.50 
$0.50 
$0.50 
$0.50 





Reader Service 





Dept., Contrro, ENGINEERING 
330 W. 42 St., New York 36, N. Y. 











CONTROL ENGINEERING 


missile 
aircraft 
valve design 
engineers 


BENDIX-PACIFIC OFFERS 
YOU CAREER POSITIONS IN 
SOUTHERN CALIFORNIA 





WE NEED 


¢ Electro-hydraulic high perform- 
ance servo valve development engi- 
neers with 4-6 years experience 
and a B.S.M.E. degree. 


¢ General hydraulic valve design- 
ers with 2 to 4 years experience 
and a B.S.M.E. degree. 


¢ Pneumatic valve and servo valve 
designers with 2 to 4 years exper- 
ience and a B.S.M.E. degree. 





PLEASE SEND RESUME TO 
W. C. WALKER, 


ENGINEERING EMPLOYMENT MANAGER 


“Gondic-Brcitic 


DIVISION OF BENDIX AVIATION CORPORATION 








NORTH HOLLYWOOD. CALIFORNIA 


Other High-Level 
Engineering Positions Available 





DESIGN 
ENGINEERS 


Select the Right Choke 
INISS PANNE 


“sian is 
=" 


ESSEX ELECTRONICS 


R.F. Choke Kits 


Epoxy-encapsulated, High-Reliability R.F. 
Chokes available in 4 handy kits for de- 
sign engineers: 
RFC — WEE 0.1 uHto 1,000 uH 0.150 Dia. x 0.3751 
RFC—S 0.1 uH to 100 wH 0.188 Dia. x 0.441 
RFC—M 1.0 uHto1,000uH 0.25 Dia. x 0.60L 
RFC —L 1.0 wH to 10,000 wH 0.31 Dia. x 0.90L 


Data sheets available on request both for 
the Choke Kits and for the Essex Elec- 
tronics Standard Line of Chokes. Both the 
kits and production quantities of chokes 
are available from stock. 
Chokes * Delay Lines © Coils + Pulse Transformers 
ESSEXM ELECTRONICS 
A member of tHe NFTRONTES crovue 


563 Springfield Ave.. Berkeley Heights. N.J. CR 3-9300 
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Whditrol 


Numerical Positioning Control 


A reliable, versatile, tape-controlled 
positioning system for both new 
and existing machinery. Simple 
(no electron tubes), inexpensive 
and easy to maintain. Binary- 
decimal code. Typical perform- 
ance: positioning accuracy—0.001” ; 
repeatability — 0.0003”; coverage — 
99.999”. 


WANG LABORATORIES, INC. 


37 Hurley Street ° 
UNiversity 
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Cambridge 41, Mass. 


SELSYNS and SYNCHROS 


High-accuracy types for precise remote 
control applications 


General Electric offers a wide variety of Selsyns and Syn- 
chros to meet industry and Navy BuOrd specifications: 
e THREE FRAME SIZES—BuOrd Sizes 1 and 5 and a 
smaller G-E 15. 
HIGH ACCURACY—Ranging from + 1.5 degrees down 
to +0.3 degrees, depending on model selected. 
SPEEDS— Models for operating up to 300, 1000, and 
1200 rpm. 
FREQUENCY—Both 60 and 400 cycle represented. 
VOLTAGES—115 Volt Primary and others available. 
FOR USE in torque transmission and voltage control 
systems. 


FREE BULLETIN! F 


GENERAL ‘%& ELECTRIC 
CIRCLE 188 On READER-SERVICE CARD 


ONE COUNT SWITCHING 
ONE CYCLE SWITCHING 
DIFFERENTIAL COUNTING 


use the new 


Cyclo-Master 


continuous cycling preset counter and controller 


® Counts electric impulses at speeds up to 1000 counts 
per minute 

® Can be preset to any cycle from 1 to 100 counts 

® Recycles without pause or hesitation 

® ideal for automatic control of machines and processes 


WRITE FOR BULLETIN 700 


COUNTER «4 CONTROL CORPORATION 


4509 WEST BROWN DEER ROAD © MILWAUKEE 18, WISCONSIN 
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LOWER COST 
MAGNETIC SHIELDING 


Co-Netic & Netic Foils Permit Max. Miniaturization, 
improved Performance ... Extremely Versatile— 
Readily Cut to Any Shape, Wrap Like Tape 


How Co-Netic & Netic foils lower 
your magnetic shielding costs: 1) 
You use less shielding material be- 
cause (a) foils are only .004” thick 
and (b) foils cut easily to exact shape 
required, minimizing waste. 2) Per- 
mit simple shielding of odd shapes 
and hard-to-get-at components, sav- 
ing valuable time and eliminating 
tooling costs and inflexibility of rigid 
metals. These advantages make pos- 
sible much smaller and less costly 
systems, as components may be 
positioned in close proximity without 
interference from damaging magne- 
tic fields. 








These foils are non-shock sensitive, non-retentive, require 
no periodic annealing. They effectively shield electrostatic and 
magnetic fields over a wide range of intensities. Both foils 
available from stock in any desired length in various widths. 


Co-Netic & Netic foils are successfully solving many a 
of magnetic shielding problems in numerous critical satellite 
missile, magnetic tape and other military, airborne, electronic 
and laboratory applications. These foils can help you solve 
your magnetic shielding problems. 


MAGNETIC SHIELD DIVISION PERFECTION MICA CO. 


1322 No. Elston Avenue « Chicago 22, Illinois 
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products 


services 


; CUSTOM SERVICES 


Reticles for Optical and Photoelectric Instruments * Precise Photography ° | 
Precision Patterns on Glass & Metal * Electroforming and Electroetching * | 


Circular, Linear, Cylindrical, Spherical Dividing 


< PHOTOELECTRIC DEVICES 


Shaft Position Encoder * Pulse Generators * Readout Devices for Angular 


and Linear Position 


OPTICAL INSTRUMENTS 


Optical Coincidence Reading Systems * Collimators + Special Optical 
Instruments 


SURVEYING INSTRUMENTS 


Transits ° Theodolites * Levels * Alidades * Rods * Plane Tables « Field | 


Equipment 


+ 


a i ite ee METEOROLOGICAL INSTRUMENTS 
Wind Direction and Velocity + Pilot Balloon Theodolites 
eer os, 0 thea TESTING INSTRUMENTS 
Smoothness, Stiffness, Porosity, Sizing Testers for Paper & Textiles 
Standards of Mass, Length and Volume ° Balances 
Check and mail for literature desired 
W.&L.E.GURLEY / 537 FULTON ST. TROY, NEW YORK 
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REPRINTS cont'd 





speed ac actuators actually take many effi- 
cient forms. The recent resurgence of in- 
terest in these ac adjustable-speed systems 
prompted this comprehensive coverage 
of andres. techniques, armature- 
resistance control of wound-rotor motors, 
frequency changing, slip-frequency injec- 
tion, and the oval 2+ poamaes couplings. 

0 cents. 

A New Way to Select the Best Control 
Valve, 16 pp. This three-article reprint 
takes a fresh look at the problem of spec- 
ifying process flow control valves. The 
author gives rules for selecting the right 
valve characteristics based on static and dy- 
namic considerations, takes into account 
the influence of piping on valve perform- 
ance, and tackles the problem of sizing 
valves for maximum flow and for control 
rangeability. 50 cents. 


Ready Reference Data Files—II, 24 pp. 
Includes the second dozen data files pub- 
lished in Control Engineering. Add it 
to Ready Reference Data Files—I to keep 
your personal file up to date. Topics cov- 
ered range from analyzing hydraulic servos 
graphically to using silicon diodes as pro- 
tective devices. 50 cents. 

Fundamentals of Tie-Motor Control, 12 
pp. Although high-powered synchro-tie 
systems have been around for a long time, 
only recently has enough experience been 
logged to put their design on a scientific, 
rather than cut-and-try, Basis. This reprint 
examines the types of motors that can 
be used in the light of the application 
characteristics, and considers the special 
circuit designs that are required. 30 
cents. 


Applying Phase-Plane Techniques to 
Nonlinear System Design, 16 pp. This 
series of three articles is designed to teach 
the use of phase-plane techniques to work- 
ing system designers, on a practical rather 
than theoretical basis. It tells how to 
construct a phase-plane plot, how. to in- 
terpret a plot in terms of system per- 
formance, and how to synthesize nonlinear 
systems using phase-plane techniques. 50 
cents. 

Economics in Control, December 1958, 
24 pp. A special report covering the eco- 
nomic aspects of modernizing with control 
systems. It starts off with a guide to the 
financial factors of modernization, then 
tells the control engineer how to spot 
opportunities where the addition of in- 
strumentation and control equipment will 
earn money, and concludes with nine case 
histories showing specific benefits of mod- 
ernizing with control systems. 50 cents. 


First-Hand Report on Control Inside 
Russia, November 1958, 16 pp. A team of 
14 U.S. control engineers representing the 
American Automatic Control Council re- 
ports on the status of automatic control 
in Russia. Each rt gives impressions of 
progress in his field of interest based on 
visits to Russian user plants and research 
facilities. 40 cents. 

How to Calculate a Control Earning In- 
dex, 12 pp. Shows a four-step method for 
predicting the increment of improved plant 
economy resulting from the addition of in- 

Continued on page 173 





Stromberg-Carlson 


“TELEPHONE QUALITY” 





. available immediately for any 
part of your operation that depends 
on electromechanical switching. 

Proven by many years of meeting 
the exacting requirements of the 
telephone industry, these twin-con- 
tact relays of unsurpassed reliability 
are available in many types. The 
following are representative: 

Type A: general-purpose relay with 
up to 20 Form “A” spring combina- 
tions. This relay is excellent for 
switching operations. 

Type B: a gang-type relay with up 
to 60 Form “A” spring combinations. 
Type BB relay accommodates up to 
100 Form “A” springs. 

Type C (illustrated): two relays on 
the same frame. A “must” where 
space is at a premium. 

Type E: has the characteristics of 
Type A relay, plus universal mount- 
ing arrangement. Interchangeable 
with many other makes. 

Complete details and specifica- 
tions on all Stromberg-Carlson re- 
lays are contained in our new relay 
catalog. Contents include: spring 
combinations, table of equivalents, 
contact data, variations and special 
features, plus complete mounting 
and cover information. 

The catalog is available on request. 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


Telecommunication Industrial Sales 


t 3, TT. $ 
112 Carison Rd. « Rochester N.Y a 
= 





Six sizes... all 
variable speed, explosion-proof 


GAST *: AIR MOTORS 


Need compact, low cost power? For plant 
use and original equipment applications, 
Gast rotary-vane Air Motors offer these 
distinct advantages: a rf Weteht 
. Explosion-proof power. No danger! No. 2000 RPM Ibs 
. Low initial cost per rated h.p. “VAM 0.13 1% 
. Variable speed with valve control. “2AM 0.57 +~Ss«Sy 
. Can't burn out from overloads. . 3aao - 
. Vanes take up their own wear. : | 
. Reversible rotation (opt.) 5 sizes. “BAM 4.0 25 
. Very compact — light in weight. 16AM 7.0 6s 
- Top-quality ball-bearing design. 
’ Write for Bulletins — specify models! 





TYPICAL 
PERFORMANCE 











Manufacturing Corp. 
P.O. Box 117-i 
Benton Harbor, Mich. 


GAST © AiR MOTORS TO 7 KP 
|ROTARY | © COMPRESSORS TO 30 P51 
a> wan te — ——p © VACUUM FONTS TO 20 te 
your ensw: 
i ee 
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Reduce Installation Costs 
of Thermocouple 
Extensions 


THERMO-CABLE 


You can now install 6 to 56 pairs of 
thermocouple leads at one time with 
**Thermo-Cable,” T-E’s new multi-con- 


heat. abrasion and chemical action—and 
slips easily through conduit ISA color 
coded, individual conductors are also in- 
ductor extension cable. Installed in con- ulated in hi-temp (221°F.) polyvinyl 


duit, “Thermo-Cable” reduces costs by chloride and the conductor bundle is 


eliminating the need to pull individual 
conductors—and permits the use of small- 
er conduit for the same number of leads. 
**Thermo-Cable”’ can also be installed with- 
out conduit, in open troughs or in raceways. 


**Thermo-Cable’s’’ smooth, polyvinyl 
chloride outer jacket resists moisture, 


Thermo Electrie o..: 


SADDLE BROOK, NEW JERGEY 


wrapped in aluminum-backed Mylar tape 
for electrostatic shielding. Pairs are num- 
bered alike and lie next to each other. 
“Thermo-Cable”’ is available in 6, 14, 18, 
25, 39 or 56 pairs and comes in all stand- 
ard thermocouple materials. 


Write For Wire Section 33-B 


in Canada 
THERMO ELECTRIC (Canada) LTO 
Brampton, Oat 
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NO. 1140, one of 
4 basic models 
designed to your 
control needs. 


(EDEN ON 


NELG 


Cury relays 
controls 
SEND FOR FREE 
CATALOG 35-3408 
Adams & Westlake 
Elkhart, Indiana 
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Htld GAGE GARD JR. 


protects sensitive 
low-pressure 
instruments 


Here’s positive protection for 
low-pressure-range instruments 
—jincline manometers, draft 
gauges, electrical pressure 
switches, ultra-sensitive low- 
pressure transducers, and 
many others! 

GAGE GARD JR. is appli- 
cable to either atmospheric or 





relative pressure systems, It’s 
available in four ranges, cover- 
ing the span of —15 PSIG to 
+85 PSIG. It will withstand 
after-cutoff pressure up to 300 
PSI 


(For higher-range protec- 
tors—up to 9,000 PSIG—ask 
about GG-! and GG-2.) 

GAGE GARD JR. is re- 
peatable. It reopens after 


sealing at 2% below the cut- 
off point. You can adjust and 
reset the cutoff pressure point 
at any time, or order it fac- 
tory-set. 

Weighs only 11 ounces! 
Body material is aluminum; 
diaphragm is buna-S impreg- 
nated with nylon. 

Write for Bulletin 547G for 
complete details and prices. 


INDUSTRIAL ENGINEERING 


JUST OUT— 
work aids 
from 
McGRAW-HILL 





DIGITAL COMPUTING SYSTEMS 


Full coverage of digital computing systems 
principles, design, operation, and applications. 
The book describes the various elements con- 
tained in modern computers, explaining the 
underlying principles of the devices used and 
illustrating the devices themselves. The cir- 
cuitry by which the elements are made to per- 
form desired functions is clearly covered, with 
many examples of typical circuits. Logical 
design and programming are discussed in 
thoroughly realistic terms, and how computers 
are used to solve scientific business and data 
handling problems is shown. By Samuel B. 
Williams, Consultant, Dept. of Defense. 231 
Pp., 168 illus,, $7.75 


PRINCIPLES OF 
ANALOG COMPUTATION 


An advanced, practical treatment on how to 
use the analog computer. Component devices 
are introduced and the mathematical operation 
performed by each device is stressed. You see 
how to plan and program your problem; simu- 
late linear systems; make use of diodes and 
function relays in computation circuits; and 
apply implicit-function techniques and arbi- 
trary-function generators. Main emphasis is 
upon the type of problem which can be solved 
and the techniques which will help you pro- 
duce the solution. By George W. Smith, Re- 
search Group Engr., and Roger C. Wood, Senior 
Dynamics Engr., Ryan Aeronautical Co. 240 
pp., 192 illus., $7.50 


SEMICONDUCTORS 
AND TRANSISTORS 


Broad, practical and essentially non-mathe- 
matical explanation of the physical principles 
underlying the behavior of semiconductors, 
transistors, and other solid-state devices. De- 
scribes the physics of semiconductors, discusses 
their characteristics, and shows the way tran- 
sistors and diodes operate—by means of the 
working p-n junctions, Applications to a variety 
of useful circuits are given, and a large num- 
ber of models and illustrations of principles 
are included. By Douglas M. Warschauer, Re- 
search Physicist, Aeronautical Research Lab., 
Wright Air Development Center. 276 pp., 201 
illus., $6.50 


SERVOMECHANISM 
FUNDAMENTALS 


Practical guide to help you efficiently operate 
and maintain servo systems. You get a sound 
working knowledge of servomechanisms which 
is needed for effectively working with many of 
today’s industrial devices. Explains engineering 
principles using a minimum of mathematics 
Shows you the various forms of control] systems 
and their components—electronic and magnetic 
amplifiers—ac and de servomotors—and other 
important aspects. Treats such special topics 
as hydro-amplifier systems, mechanical gear- 
ing and pumping systems, and measurement 
methods. By Ben Zeines, RCA Institute, Inc. 
257 pp., 230 illus., $5.50 


McGraw-Hill Book Co., Inc., Dept CON-8 
327 W. 4ist St., N.Y.C. 36 


Send me book(s) checked for 10 days’ exami- 
nation on approval. In 10 days I will remit for 
book(s) I keep plus few cents for delivery costs, 
and return unwanted book(s) postpaid (We pay 
delivery costs if you remit with this coupon—same 
return privilege. ) 

C) Williams—Digital Comp. Systems, $7.75 

O Smith & Wood—Prin. of Analog Comp., $7.50 
© Warschauer—Semicon, & Transistors, $6.50 


rm 


C) Zeines—Servomechanism Fund, $5.50 
(PRINT) 

Name ... 

Address 


ES A . Zone 


CORPORATION company 


526 E. Woodbine, Lovisville 8, Kentucky Position . 


For price and terms outside U. S. 
write McGraw-Hill Int’l., N. Y. C. 








Designers, engineers, and manufacturers of 
hydraulic and electronic test equipment, consoles, panels, etc. 
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MEASURING | 
TORQUE 
OR HORSEPOWER ? 


The easy, accurate way 
is with compact, rugged 
SR-4° Torquemeters 

















SR-4® Torquemeters eliminate compli- 
cated torque measuring equipment and 
laborious techniques. Easy to install, 
accurate and highly responsive, SR-4® 
Torquemeters provide measurement of 
torque on either indicating or recording | 
instruments. And, where required, horse- 
power can be indicated directly by addi- 
tion of a tachometer generator. Avail- 
able in capacities from 100 through 
30,000 in.-lb.; accurate to +4% of full | 
range in either direction throughout 
capacity range. Higher torque ratings 
and special purpose types can also | 
be supplied. 


For more information, write Dept. 6-H 
and ask for Bulletins 4300 and 4370. 


FIRST in force measurement 


BALDWIN-LIMA-HAMILTON | 


Electronics & Instrumentation Division 
Waltham, Mass. 
SR-4@ Strain Gages « Transducers ¢ Testing Machines 
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struments and controls, and reports on ex- 
perience in applying this method to three 
typical industrial processes. 30 cents. 

Servo Design i 32 pp. A re- 
print of six related articles describing vari- 
ous electromechanical servo design tech- 
niques. Items include tachometer limiting, 
force-reflecting servos, calculating perform- 
ance of drag-cup tachs, dual-m servo 
compensation, applying packaged servo ac- 
tuators, and cascading resolvers without 
amplifiers. 65 cents. 

t’s Available in Flowmeters, 24 pp. 
A comprehensive coverage of positive 
placement, velocity, and mass flowmeters, 
including characteristics, applications, and 
typical manufacturers; plus details of a 
special drag disc meter. 50 cents. 

Selecting and Applying Control Timers, 
24 PP. A compilation of four articles 
including a tabular description of timer 
functional parts, criteria for selecting and 
applying control timers, a tabular fisting 
of available timer types and their charac- 
teristics, and techniques for custom-design- 
ing controls for time-based routines. 50 
cents. 

What the Control Engineer Should 
Know About Reliability, April 1958, 8 pp. 
Not intended as a comprehensive treatise, 
but rather as a guide to aim the control 
engineer in the right direction, this staff- 
written article discusses the new concept 
of systems effectiveness, and briefly covers 
techniques for measuring reliability, pre 
dicting reliability, improving reliability, 
and costing reliability. Up to date refer- 
ence sources increase the value. 20 cents. 

Survey of Numerically-Controlled Point- 
to-Point Positioning Systems, 72 pp. This 
complete series covers 31 domestic and 
foreign systems. Detailed operational and 
performance characteristics of each system 
are discussed. Individual parts of series are 
also available as listed below. $1.50. 

Ready Reference Data Files—I, 24 pp. A 

brary 





must for every control engineer’s li . 
Includes the first 12 data files published 
in Controt ENGINEERING—a diversity of 
topics, from system reliability through the 
cost of industrial temperature-measuring 
systems. Each one gives a method of solv- 
ing a particular problem. 50 cents. 

Servo Modulators—Their Application, 
Characteristics, and Availability, 36 pp. A 
group of four integrated articles covering 
all phases of electromechanical, electronic, 
solid-state, and magnetic modulators. 
Typical circuit diagrams, characteristics, 
be applications are given for each type, 
ers an 84-item bibliography and tables 
isting commercial units. 65 cents. 

Analysis Instrumentation — II — Refrac- 
tometers, Infrared Analyzers, Photometric 
Analyzers, Colorimetry, 32 pp. This in- 
cludes the second group of four articles 
of the Analysis Series. 60 cents. 

Analysis Instrumentation — I — Nuclear 

etic Resonance, Chromatography, 

ioactivity, 32 pp. Reprint consists 
of first 4 articles of Analysis Instrumenta- 
tion Series: a general introduction and 
detailed discussions of the three analysis 
techniques. Emphasis is on basic princi- 
ples, practical tips, and the use of these 
techniques in automatic process control. 
60 cents. 


This “Diamond H” 


< 


Checklist of 
Reliable Controls 


. . . Relays, Thermostats, 
Switches . . . engineered to 
meet your specific require- 
ments in a wide variety of 
applications including air 
conditioning, appliances, air- 
craft, missiles, machine tools, 
panel boards, heater and mo- 
tor control circuits, and many 
others. 


Ask also for our new applica- 
tion data sheets on Series R 
and Series W Relays, and 
Rotary Switches. 


“HART 


MANUFACTURING COMPANY 
165 Bartholomew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 
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A MESSAGE TO AMERICAN 


INDUSTRY * ONE OF A SERIES 


One Battle We’re Losing 
—-And Why 





Lest it seem selj-serving, we of McGraw-Hill, as 
publishers, have hesitated to make the follow- 
ing statement about the “Battle of the Books.” 
However, our reticence has been overcome by 
our conviction that it is greatly in the national 
interest to have much wider public understand- 
ing of the nature of this battle. This conviction 
is strengthened by the fact that many, not in 
the publishing industry, believe in the impor- 
tance of this battle and, further, by the fact that 
it is a battle which the United States is losing. 











The United States is losing an important 
battle — a battle of knowledge and ideas, waged 
with books. It does not have the excitement of com- 
petition in scientific achievement, nor the urgency of 
a diplomatic crisis, nor the obvious economic signifi- 
cance of a struggle for export markets, But our success 
or failure in this battle of knowledge and ideas may 
well have a decisive bearing on these more spectacular 
aspects of international rivalry. 

The Russians know this. About a decade ago, they 
started a program to build up their export of books, 
the most durable and penetrating way of communicat- 
ing knowledge and ideas. By 1957 the Soviet Union 
was exporting 30 million books, one-and-a half 
times as many as the United States. Many of these 
books are printed in English, and all are in languages 
of the non-Communist world. 

In the languages of the Near East alone, the Rus- 
sians printed and distributed 413,600 books in 1957, 
as compared with 166,415 in 1956. In India, Russian 
textbooks on engineering are to be published in Eng- 
lish under a technical aid agreement signed in Moscow 
last December. 
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‘‘Trade Follows The Book’’ 


Books are in the advance guard of the Soviet 
political and economic challenge to the free 
world. With books go ways of thinking — about 
government, about education, about management, 
about science and technology. If these books do their 
job effectively in the training of those who will be- 
come a nation’s leaders, they will provide the basis for 
political and cultural understanding and also, in the 
future, for trade. 

The Russians are not the first to discover this rela- 
tionship. Britain, which lives by trade, has tradition- 
ally exported more of its book production than any 
other nation. Today it exports one book in every two 
produced. The British have a favorite dictum: “Trade 
follows the book.” They have proved its accuracy. Now 
the Russians are trying to make this same principle 
serve their purposes. 

Where does the United States stand in this competi- 
tion for men’s minds? In number of books, it trails far 
behind the Soviet Union — exporting roughly 20 mil- 
lion books, against the Russians’ 30 million. As a pro- 
portion of our total output of books, our exports 
amount to only 10% — against Britain’s 50%. 


The Russians’ Advantage 


U.S. book exports have grown in the years since 
World War II, from approximately $11,000,000 in 
1946 to $35,000,000 in 1958 (both figures excluding 
Canada). But in expanding book exports, the Amer- 
ican publishing industry faces two major obstacles: 

(1) The comparatively high cost of produc- 
ing a book in the United States, which puts its price 
well beyond the reach of many students, teachers and 
businessmen in other countries; and 

(2) The shortage of dollar exchange in many 
countries, which means that importers can pay for 





books only in currencies that are of little use to Amer- 
ican publishers. 

The Russians have neither of these problems. Soviet 
publishing is state-subsidized, and exported books are 
sold for nominal sums paid in the currencies of the 
importers. As these books serve the political and 
economic purposes of the Soviet Union, they are 
cheerfully sold on giveaway terms. 

The American publishing industry, on its 
own, is making vigorous efforts to increase the 
distribution of American books in other coun- 
tries. Leading U.S. publishers and their agents have 
offices and salesmen in the major countries of Asia, 
Africa and Latin America. Several publishers have 
begun to reprint textbooks in Asia at one-half to one- 
third of their U.S. costs, thus making them available to 
the students in Asian countries at prices they can more 
nearly afford. And the American paperback has be- 
come a symbol of low cost in popular books. But 
neither of these devices is practicable for serious cul- 
tural, technical, scientific, educational and professional 
books, which require durable, hard-bound and neces- 
sarily expensive editions. Despite their great impor- 
tance to those who need these books, the demand for 
them is simply not large enough to warrant low-cost 
publishing methods. 

Government agencies also have increased the avail- 
ability of American books. The United States Informa- 
tion Agency and the International Cooperation Ad- 
ministration have placed American books in libraries 
overseas, donated them to educational institutions and 
presented them to key individuals in the industries and 
governments of the developing countries of the world. 
But these programs are small in relation to the need. 


A Modest Program 


An unusual and little-publicized Government 
program has helped American publishers over- 
come the other major obstacle to the export of 
books — the shortage of dollar exchange. This is 
the Informational Media Guaranty (IMG) program, 
administered by the United States Information Agen- 
cy. It enables publishers of books judged to be worthy 
of the American way of life to sell their books, for 
local currency, in countries such as the Philippines, 
Formosa, Vietnam, Burma, Indonesia, Pakistan, Tur- 
key, Israel, Poland, Yugoslavia, Spain and Chile, 
which would otherwise be unable to buy these books 
because of their shortage of U.S. dollar exchange. 

The IMG program is not a giveaway. Publishers 
have to sell their books, and customers overseas have 
to want them enough to buy them at full prices. IMG 
merely guarantees that the exporting publisher receives 
in dollars the payments he collects from his customers 
in their currency. The program costs very little in 


terms of our total foreign aid program, or in terms of 
what it accomplishes, In ten years it has made possible 
the sale of $150 million worth of books, magazines and 
films to countries of key economic and strategic im- 
portance at a cost of only $10 million. 

The IMG functions through a revolving fund. For- 
eign currencies are exchanged for dollars, and the 
foreign currencies in turn are resold to replenish the 
supply of dollars. The net cost is the small but un- 
avoidable loss on resale of these foreign currencies. 
Over the ten years of this program, the IMG revolving 
fund has shrunk from its original $28 million to $18 
million, $10 million of which is in unconverted for- 
eign currencies. 

If this modest but vitally important program 
is to be continued, Congress must appropriate 
the money necessary to rebuild the revolving 
fund. This would ensure that any country approved 
by the State Department and willing to sign an agree- 
ment to buy American books, at their full price, with 
its own currency, could do so. Last August, Congress 
reduced a requested appropriation for this purpose 
from $7 million to $2’ million. To continue even at 
its present reduced level, an appropriation of $3'/ 
million is needed. To realize the full potential of IMG, 
the revolving fund must be restored to its original level. 

If the IMG program is not continued, with adequate 
financial support, some countries whose friendship 
and understanding we seek today and with whom we 
hope to build a trading partnership in the future will 
have to reduce their purchases of American books to a 
trickle. These are countries where school teachers, 
college professors, students, engineers, doctors and 
businessmen need and want to buy American books. 
The loss will be not only theirs, but ours as well. For it 
will deprive the U.S. of one of its most effective, and 
least costly, means of communicating knowledge and 
ideas and understanding of the American way of life. 
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Publishing Company to help increase public 
knowledge and understanding of an important 
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EMPLOYMENT OPPORTUNITIES 





INDUSTRIAL 
MARKETING 
MANAGER 





ELECTRONIC ENGINEERS 
STAVID 


Engineering, Inc. 





has immediate openings for graduate engineers 
interested in establishing standards in the design, 
manufacture and testing of synchros, resolvers, 
tachometer generators, servo motors, gyros, etc. 


Actual experience in the design, development and theoretical 
research of these components is required. Candidates will provide ROMINENT defense pro- 
consulting and liaison services between the government and 


industrial manufacturers for the purpose of conducting a survey engineered electro-mechanical con- 
and analysis of: 


trols and systems is creating the 
new position of Industrial Market- 


@ MANUFACTURING STANDARDS | ing Manager, who will plan and 


ducer in the field of precision- 


develop industrial and commercial 


@ ACCEPTANCE SPECIFICATIONS outlets for its products. His basic 
responsibilities will be: 
@ AUTOMATIC TESTING 


NEW PRODUCT SELECTION 

| AND PROGRAMMING, compris- 

Additional Career Opportunities Available In: ing product searches, market re- 

a ANALOG & DIGITAL COMPUTERS es search, product recommendations, 

ANTENNA DESIGN {§ COMMUNICATION Yeager a nite 

SYSTEMS [J SEARCH AND BOMBING RADARS Gey ~~ e nigggieeaeel 
ME MISSILE GUIDANCE AND DETECTION e 

SYSTEMS {M TEST EQUIPMENT DESIGN § aa ci ae 

ELECTRONIC PACKAGING [J DATA PROC- ee ees lene 


ESSING SYSTEMS [J ENVIRONMENTAL ethene whee 
TESTING Pe GIT ° 


tion of distribution channels, crea- 





tion of sales promotion § and 
advertising programs, etc. 


PPLICANT should have at 
least five years successful in- 
dustrial sales management experi- 


ad ence, preferably in field of indus- 
STAVID’s facilities in Plainfield, New Jersey, at the foothills of the 


Watchung Mountains, are near excellent schools, modern shopping naaeuil d sncludi k 
facilities and ample housing acc dati With New York City shite =? ae he —< - 
just 45 minutes away, and the New Jersey shore within one hour's vensaren ae, Sepectrial) at 
drive, the Plainfield area provides an ideal environment for work, vertising, sales promotion and 
recreation and comfortable suburban living. training. Degree in engineering sci- 


trial controls and precision engi- 








ences desirable. Age 35-50 years. 
S , —_ ° H 
For complete details, please send detailed resume to: | Salary open—commensurate with 


qualificati s. 
J. L. BARRETT, Personnel Department ‘‘F’’ Ts 


STAVID Engineering, Inc. Send resume to: 


U.S. HIGHWAY 22, PLAINFIELD, NEW JERSEY PLAINFIELD 7-1600 


2 nalive Clactonies... BOX 318C 


| 667 Madison Ave., New York 21, N. Y. 
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ENGINEERS « SCIENTISTS 


EMPLOYMENT OPPORTUNITIES 


General Electric’s Heavy Military Electronics Dept. 
AWARDED CONTRACT FOR 


Systems Integration, Engineering, and Management of... 


AIR WEAPONS CONTROL SYSTEM 212L 





A universal electronic control system to meet the vast problem of Air Defense 
outside of the Continental United States 





Systems-oriented engineers and scientists will appreciate the broadband technical challenge of the 


Air Weapons Control System 212L. There are important openings for men who are experienced in: 


Weapons Systems ANacysis * MaTHEemaTICAL ANALYSIS OF ENGINEERING ProsLems * CompuTEerR 


PrRoGRAMMING * Mixitary ComMuNICATION Systems * Rapar Systems * Weapons Conrtrot 


Systems ¢ Evectronic Circuitry * Inpustriat & Muixitary PsycHo.ocy 


@ Working in close cooperation with 
the USAF, it is Heavy Military’s re- 
sponsibility to integrate all subsys- 
tems—data acquisition, communica- 
tions, data processing and display — 
plus various defensive weapons into 
a well coordinated and efficient oper- 
ating system. 

VERSATILE AIR CONTROL 
APPLICATIONS The revolution- 
ary 212L can be used to defend a 
single airfield, or, by linking control 
sites together, it could be used in a 
limited action to provide air control 
for an area the size of Alaska. Simi- 
larly, by linking the capabilities of 
countries together, a system could be 


provided for the air control of an en- 


tire continent. Designed for both 
fixed and mobile applications, the 
212L will be used primarily outside 
the U. S. since the SAGE system is 
used for the defense of this country. 


HMED IS ALSO DESIGNING 
THE “HEART” OF THE SYSTEM 


In addition to its prime mission of 
providing systems management, 
HMED will design, develop and pro- 
duce the data processing and dis- 
play subsystem which is the “heart” 
of the 212L. Capable of rapidly and 
automatically detecting and tracking 
air targets, the subsystem operates 
without human assistance, except un- 


der unusual circumstances 





OTHER FAR-RANGING | 
PROGRAMS AT 
HEAVY MILITARY 


| 
At the present time additional 


far-ranging programs are being 
pursued in diverse and impor- 
tant areas at HMED 


e Fixed & Mobile Radar 
¢ Shipborne Radar 





e Underwater Detection Systems | 
e Missile Guidance 


¢ Data Handling Systems 
| 


e Communications 


| 
| 


Individuals with experience in systems analysis or specific equipment 


design in the areas listed above are invited to forward their resume 


in complete confidence to Mr. George Callender, Div. 22-MH. 


HEAVY MILITARY ELECTRONICS DEPARTMENT 


GENERAL ELECTRIC 


Court StpeEer, 


Syracuse, N. Y. 
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EMPLOYMENT OPPORTUNITIES 


® CAREER OPPORTUNITIES 


With a company making premium grade 
electronic equipment for aircraft for over 
30 years. Located in the beautiful lake 
region of Northern New Jersey, less than 


Navigation Systems 


Communication 
Systems 


Servos 
Transistors 
Transmitters 
Receivers 
Antennas 


in 
highest ‘que in the 


35 miles from New York City. 


© Transistor Circuit Engineer 
Tacan Engineers 
Receiver Engineers 


Transmitter Engineers 
(VHF & UHF Frequencies) 


Navigation Equipment 
Engineers 


Antenna Design Engineer 
Test Lab Engineers 


Biter ee ae of working in a new laboratory 


pany yh are known as the 





DEVELOPMENT 
ENGINEER 


Exceptional career “‘plum’’ for ME or EE with 4- 
6 years’ experience in design, analysis, or develop 
ment of precision control devices. Instrumentation, 
hardware, hydraulics and background in applying 
feedback control theory most desirable. Excellent 
advancement offered in rapidly growing suburban 
Buffalo engineer-directed company. $9000--$14,000 
plus profit sharing. 


MOOG SERVOCONTROLS, INC. 





East Avrere, New York 








SYSTEMS DESIGN ENGINEERS 


Challenging opportunity for Electrical Engineers 
te work with a long-established organization rec- 
ognized world-wide as a leader in its field. Head- 
quarters in Pittsburgh, the Renaissance City. You 
will be designing systems for industrial and pipe- 
line tranportation contro! and data-handling equip- 
ment to meet customer requirements. Relay or 
solid-state circuitry experience helpful but not 
necessary. Send resume or contact 


Mr. George A. Frye, Employment Supervisor 
Union Switch & Signal—Division of 
WESTINGHOUSE AIR BRAKE COMPANY 
Pittsburgh 18, Pennsylvania 























Write or call collect: Personnel Manager 


AIRCRAFT RADIO CORPORATION 


Boonton, N. J. 


DE 4-1800-Ext. 238 





CONTROL ENGINEER 


We have an unusually interesting open- 
ing for a CONTROL SYSTEMS ENGI- 
NEER in our expanding development 
and engineering group, offering a 
unique opportunity to become ac- 
quainted with many operational phases 
of our integrated multi-plant opera- 
tions. This engineer will work with our 
various project groups on the specifica- 
tion and design of all types of controls 
for newly developed production equip- 
ment. He will have a title of PROJECT 
ENGINEER and will be given whatever 
drafting or engineering assistance that 
may be required. Age: 25-35 with 
B.S. or M.S. degree. Willingness to 
travel between equipment manufac- 
turers and our various plants is es- 
sential. Salary is open. 


Send complete resume in confidence to: 


Research Director 


WEST VIRGINIA PULP 
AND PAPER COMPANY 
Covington, Virginia 


SALES ENGINEERS 
f 


or 
CONTROL SYSTEM SALES TO THE 
PETROLEUM AND GAS INDUSTRY 


Applicants pest have an E.E. Degree or equiv- 
alent and at least two years experience in the in- 
Sromemation and control field. 
Startins work commensurate with experience. You 
will for a long-established organiza- 
world-wide as a leader in its 
field, wth headquarters in the progressive, ex- 
citing, “Renaissance City” of Pittsburgh, Pa. 


Send resume, or write for further details to 
Mr. George A. Frye, Employment ened 
Union Switch & Signal—Division of 


Westinghouse Air Brake Company 
Pittsburgh 18, Pennsylvania 


ENGINEER 
DEVELOPMENT 


Automatic process control of complex me- 
chanical, electrical and hydraulic systems. 
Creative but practical. Must know math, phys- 
ics & basic principles in diverse fields. Large, 
well established, ding company located 
Northern N. J. Send resume in confidence. 
Our employees know of this ad. 





P-2117, Control Engineering 
Class. Adv. Div., P.O. Box 12, N.Y. 36, N.Y. 














CHIEF 
PRODUCTION ENGINEER 


Supervise ten man engineering group in determin- 
ing producibility of precision hydraulic devices. 
Two to five years’ experience in production engi- 
neering or design of such components. Must be 
familiar with hydraulics, precision hardware, and 
production techniques. Applicant should reflect 
the potential for greater management responsibility 
in a medium-sized engineer-directed company in 
suburban Buffalo. $9000—$14,000 plus profit shar- 
ing. 


MOOG SERVOCONTROLS, INC. 
Chief Production Engineer 
East Aurora, New York 


INSTRUMENT ENGINEER 


For plant producing organic and inorganic chemi- 
cals. New facility is located in Baton Rouge, 
Louisiana, area. 


Duties will embrace both maintenance supervision 
and engineering of system modifications as may be 
required. 


Familiarity with both pneumatic and electrical 
process instr is tial. Experience 
with electronic process scanners and loggers is 
desirable. 





Personnel Manager 

WYANDOTTE CHEMICALS CORPORATION 
P. 0. Drawer 2108 

Baton Rouge, Louisiana 














RADAR SYSTEMS 


$18,000 
High performance search radar, missile tracking 
one guidance radar and counter measure systems. 
High level position in new R & D taboratory. 
E. degree pius 5 or more years experience. Com- 
pany client will assume all employment expenses. 
Contact in confidence. 
ESQUIRE PERSONNE 
202 8. State Street Chicago 4, Mlinois 











CONTROL DEVELOPMENT ENGINEER 


ngineer experienced in Apetronto cir- 
wun deslon, ave strial knowledge to digital com- 
ont ‘ers for controls and to the design 


RELIANCE “neeeee & ENGINEERING CO. 
Control Division—Euclid Plant 
24701 Euclid Avenue Cleveland 17, Ohio 
Attention: H. Y. Reeves 











Your Inquiries to 
Advertisers Will 
Have Special Value .. . 


—for you—the advertiser—and the 
publisher, if you mention this publi- 
cation. Advertisers value highly this 
evidence of the publication you read. 
Satisfied advertisers enable the pub- 
lisher to secure more advertisers and 
—more advertisers mean more infor- 
mation on more products or better 
service—more value—to YOU. 
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ELECTRONIC and 
ELECTRO- 
MECHANICAL 


ENGINEERS 


The varied programs of Bell’s 
Avionics Division offer chal- 
lenging opportunities for your 
specialized talents. Openings 
are now available in: 


INERTIAL INSTRUMENTATION 
AUTOMATIC LANDING SYSTEMS 
FLIGHT CONTROL SYSTEMS 
VISUAL SURVEILLANCE SYSTEMS 


KEY POSITIONS ENTAILING: 


1. Evaluation of digital velocity 
meters and low drift gyros. 

2. Instrumentation electronics 
development. 

3. Instrumentation electro-me- 
chanical development. 
Testing of inertial gyro- 
scopes. 

Development and tie-in of 
transistorized digital logic 
circuitry. 

Analysis and development of 
automatic throttle servo con- 
trol loops. 


OPENINGS AT ALL LEVELS 
from $7,000 to $15,000 YEARLY. 


Finest retirement and group in- 
surance plans in the industry. 
Company paid tuition assistance. 
Ideal family living in Western 
New York’s vacationland. 

For further information and to 
arrange a personal interview, 
write today or phone collect: 


Niagara Falls, N. Y., BUtier 5-7851 


SUPERVISOR 
ENGINEERING EMPLOYMENT 
BELL AIRCRAFT CORP. 


BUFFALO 5, NEW YORK 


EMPLOYMENT OPPORTUNITIES 


ENGINEERS 


Research and 
Development 
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' INSTRUMENT Division 


Offers qualified engineers 


CREATIVE ASSIGNMENTS 
in the following fields 


@ RADAR © COMMUNICATIONS 

@ NUCLEAR INSTRUMENTS © COMPUTERS 
© TRAINERS & SIMULATORS 

© COUNTERMEASURES @ TELEMETERING 


Live, work and play near the 
famous POCONO Mountains resort crea 


Send full resume in complete confidence to 
Robert M. Hill, Technical Employment Supervisor 


POEs DAYSTROM INSTRUMENT 
A ALAVAVA\ AVAL, Division of Daystrom Inc. Archbald, Penna. 
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TRANSDUCER RESEARCH 


AND 


ELECTRONIC INSTRUMENTATION 


Interesting and challenging work in instrumentation is in progress at the 
ARMOUR RESEARCH FOUNDATION, one of the nation’s foremost independent 
research organizations. 


FOR 


Positions are available for qualified personnel in research, development and 
application of sensors for measurement of 


TEMPERATURE e ACCELERATION FORCE 
PRESSURE e DISPLACEMENT oo FLOW 


and other Physical, Chemical, and Meteorological quantities. Present programs 
in transducer research include development of sensors and associated electronic 
circuits for use in military and industrial control, tel try. aut tic inspec- 
tion and data processing systems. 


The Foundation offers a professional atmosphere in which to work, competitive 
salaries, and liberal employee benefits including generous relocation allow- 
ance, an excellent vacation policy. insurance and retirement programs, and 
the opportunity for tuition-free graduate study at Illinois Institute of Technology. 
Inquiries are invited from engineers and physicists with B.S. degree and at 
least two years experience in instrumentation. Please send a resume of your 
qualifications to 





A. J. Paneral 


ARMOUR RESEARCH FOUNDATION 


of Illinois Institute of Technology 


10 W. 35th Street Chicago 16, Illinois 
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Shown Actual Size 


PRECISION TRIMMER POTENTIOMETERS by TIC are standard in twelve 


different styles and each in a wide range of resistance values. The extensive use of trimmers 


in such applications as airborne, shipborne and ground based military electronic 
equipment for navigation, flight control, fuel control, radio transmission 

and reception, telemetering, computers, fire control and many others demands 
reliability and stable operation under severe environmental conditions. 

TIC quality-control procedures and environmental testing assure the user 


of the ultimate in dependable trimmer potentiometers. 


TWELVE IMPORTANT CHOICES six box type and 


six rotary type multiturn and single turn with wirewound 

For nex 

catalog v/ 
the trimmers ‘ , . : _ : 

sizes ranging from micro-miniature to the size of a 

illustrated 

above write, 

wire or 

call 


or metallic film resistance elements, high temperature- 


PRECISION POTENTIOMETERS 


resistant construction, varied mounting methods, and 


quarter in diameter, permit the design engineer optimum 
freedom to select the unit best suited to his application. 
Special designs may be readily accommodated by ‘TIC 


engineers. 


Subsidiaries: 


Technology Instrument Corp. of Calif. 
TECHNOLOGY INSTRUMENT CORPORATION Worth Hollywood, Calif 


Acton Laboratories, Inc., Acton, Mass. 
Tucson Instrument Corp., Tucson, Ariz. 
Servotrol, Inc., Chicago, III. 
523 MAIN STREET, ACTON, MASS. Pitomec tere.’ Canton, Mass, 
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BIGGEST FLOWMETER 


Here’s a new, low-cost flow rate indicator for one- 
fourth the price of previous types. Designed for use 
with any F & P magnetic flowmeter, this new tran- 
sistorized indicator reduces the cost of a magnetic 
flowmetering system to as low as $1000. You get all 
the advantages of F & P magnetic flow meters... 
3000 to 1 rangeability, no pressure drop, ability to 
handle slurries and corrosive liquids, simplicity of 
installation . . . at a cost comparable to conventional 
systems. Ideal for field checks, monitoring, pilot 
plant and laboratory work. 


new low-cost 
transistorized 

flow rate indicator 

for magnetic flowmeters 





BARGAIN IN YEARS! 


Percent of flow readings are prominently displayed 
on a 10” scale with a high intensity red pointer. 
Direct reading scale also available. Screwdriver ad- 
justment inside case permits wide range changes. 
Accuracy is +2% of full scale; repeatability is +1%. 
The complete indicator unit weighs only 15 pounds. 
Available in a variety of mounting styles. 

Get the facts on this low-cost magnetic metering sys- 
tem now. Contact the F & P field engineer nearest 
you, or write Fischer & Porter Co., 789 County Line 
Road, Hatboro, Pa. In Canada, write Fischer & Porter 
(Canada) Ltd., 2700 Jane St., Downsview, Ontario. 


Pr FISCHER & PORTER COMPANY comrisre process Ins TRUMENTATION 
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